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ABOUT THIS BOOK 


THIS IS A BOOK BY AND ABOUT DOERS. THE IDEAS AND PEOPLE IN IT ^E^Y 
THE NOTION THAT ECONOMICAL SOLAR ENERGY APPLICATIONS A£E $tlLL A 
DECADE AWAY. IF YOU WANT TO MAKE THE SUN A PRACTICAL PART 61 ^OUR 
LIFE TODAY...THIS BOOK.WILL TELL YOU HOW. 
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INTRODUCTION 


- _.y__ First, a definition is in.order, as there is some confusionVcreated by the term “solar 

greenhouse;” The confusion is understandable since, by definition, all greenhouses are in 
fact, solar. However, traditional greenhouse design has_ rarely been\concerned with the most 
effective use of the-sun’s energy* Those described in. this book\are. In their design and 
operation, we have incorporated three basic elements: 

1. The most efficient, collection of solar energy. 

2. The storage of-solar energy. ~ 

3.. The prevention of heat loss during and'following collection periods. ; 

ft - 

By attention to those elements,'we reap the following benefits: 

* 

. _ \ 

1. Surplus thermal energy pfod-tkeedHn-^-int-er-which can be used immediately in an 

adjojning structure or stored for later use. "■ 

2. Independence from mechanical heating and cooling devices powered by fossil fuels. 

3. Utilization of an optimum amount of insulation and thermal storage on an efficient,- 

~ cost^effectiveness basis. . .. 

This book, the designs and the subsequent benefitsinvoTved alTeem-e-Trpm a basic con¬ 
cern with people’s relationship to their environment and the forces within it. Working on 
the premise that one basic environmental problem is centered around, misuse of energy, we 

realized that, while niany people wish for alternative systems, the success of such systems 

. . ' 

is totally dependent on the individual’s commitment to the system coupled with an under- - 
standing of what makes i't worl$. That means you, and we want you to know exactly what’s 
involved in building and’maintaining your own solar unit. 

In the following pages, we’ve shown method's which can be used to make an appreci¬ 
able addition to the quality of your life through a closer involvement with your food chain, 
fresher (and cheaper) vegetables, a free source of partial heating for your house, a more 
realistic integration with the cycles of the sun, the seasons, the weather and th£ world, aiicf 
independence from corporate energy and food games. Whether or not yoii actually build 
a greenhouse depends on many’factoi^-^pa^er^fohomics, appropriateness to your loca¬ 
tion and determination, to name.® few. But even if-you don’t build, reading this book 
can deepen and enlarge 5 vour understanding of your (environment and your relationship 
with it. 

This -book grfw out of the Solar Sustenance Project and that in turn grew'out of a 
basic concern with the matters mentioned above. iThe Project was a modest ($15,000) 
attempt to see if a sensibly designed attachec! greenhouse(s) could lengthen the pitifully 
short growing season in the mountains of northern New Mexico'. The Project also had the 
goal of finding out how much, if any, heat produced by the greenhouse could be used by 





the adjoining home. 1 ^ *. . 

• When we began the Project, some engineers’and architects insisted that our simple 
greenhouse wouldn’t lengthen the growing season even a week. We were told by others that 
the 90 degree heat produced by tlie'uflits was virtually useless. Fortunately, we didn’t listen 
to them. To balance the negativism of the cynics, we did have the support of many people 
ini the field: Keith Haggard and Peter Van Dresser of Santa Fe, T.A. Lawand of the Brace 
Institute ih.Quebec, and several of the people mentioned in Chapter VII. ' 
i Through the Solar Sustenance Project, we provided eleven solar greenhouses for low- 
inbome families Scattered'throughout the New Mexico hills. We attached them to the side 
of any structure we could tie-in with and that wouldn’t blow aWay in a good wind. Some* 

i 4 .. - | 

of the faniflies looked on them and us as more of a] curiosity than a functional addition to 
their homes. That was before. Now, we get universally positive reactions from owners* 
tourists and interested bystanders. : 

Our work on the project and on this book is founded on two principles: the first 
that food production should be a low-energy process. The process is begun by growing 
as much as you can at home, avoiding anything that requires more units of energy to 
produce than it contains. For that reason, highly-controlled, close tolerance food produc¬ 
tion techniques relying on outside energy sources to maintain them are not included in our 
work - .> • .. ’ t * • , 

The second principle is that greenhouses and other habitable structures-sliouR! be de- 

4 

signed to make maximum use of natural energy flow and to make minimum use of fossil 
fuels. Thismeans designing a “passive” structure with proper orientation, thick walls (high 
mass) and good insulation. This is not a new Ldea7but it is being re-examined today in the 
light of present technological capabilities. Whiie a passive structure delivers obvious bene¬ 
fits, it also demands a-great deal more thought, design work, labor and care in building. 

In many ways the p assive ly designed structure is in direct opposition to the current- 
American,,mode of liyjng. It’s not temporary by nature. The temperatures fluctuate it 

doesn’t remain 72 degrees night and day: the structure itself has a’“thermal momentum” 

, « 

that is much like the physiological processes of q human body, charging and discharging, 
inhaling and exhaling. Most importantly, a well-designed passive structure doesn’t depend 
on a constant supply of energy to keep it liveable. The building uses the sun as the Earth 
does, only better. „ • , 

Although the units w^’ve presented are designed specifically for the dry, high-altitude, 
high-sunshine Rockies, the principles which make them work are valid anywhere in the 
world. Depending on where you live, you may need to increase the'performance of your 
unit through modifications in design or addition of more sophisticated heat collection and 
storage systems. For those to whom this applies, we’ve presented^ wide range of such im- 
, provements in Chapters V and VII. i 

If you decide to build and operate a solar greenhouse of your own, you will be joining 
a group of experimenters in what is still an infant science. You do not need to be a scientist 
to participate. All the principlesinvolved are elementary and logical. Their simplicity makes 
the benefits derived from becoming an active member of the solar community easily access¬ 
ible to you. Welcome. 
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CHAPTER I The Greenhouse Biosphere 

v *. 


The'concepts of environment and ecosystem have been around fora long time, but 
only in the past few years have these ideas become part of the’public awareness. Many of us 
only realized the profound implications of these concepts when we saw the first photo¬ 
graphs of the earth taken from space by the astronauts. The earth is indeed a closed sys¬ 
tem, one that must sustain itself through a harmonious balance of its elements. 

When you build your greenhouse, you will be creating a very special space, an earth 
in microcosm. You will control the character of the space to a great extent. Your imagina¬ 
tion and design will determine how well the natural life force sustains itself and what you 
derive from it in return. You are, in effect, producing a living place that will grow and evolve 
with a life force of its own. 

The special environment that you will create is called a biosphere. Webster’s defini¬ 
tion of a. biosphere is: “A part of the world in which life can exist:..living beings being to¬ 
gether with their environment.” As a living being, you are an essential element in maintain¬ 
ing your biosphere. Sowing seeds, nurturing the earth,, watering, fertilizing plants and soil, 
and controlling the temperature and humidity will be your contribution to the biosphere. 
The greenhouse will reward you with the personal fulfillment of living within the cycle of 
growth. 
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FIGURE 1 
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IS? 

Biospheres-vary greatly in the number of their components and life systems, depend¬ 
ing upon the interest, time and energy invested in them. A simple, easily maintained exam¬ 
ple would consist of a small structure with a few planting areas. Closely related, hardy varie¬ 
ties of vegetables and/or flowers would be chosen for cultivation. As their needs are similar, 
they wou-lij not require a great deal of time or attentiofi. You may, however, prefer the role 
of maintaining a complex biosphere containing a wide variety of life forms. Some experi¬ 
mental units of this type combine plant growth (soil or nutri-culture) with the production 
of animal protein in the form of fish and rabbits. These systems attempt to achieve a sym¬ 
biotic balance between the various organisms, using the by-products and waste of each jio 
support the'other. The more complex environments may also employ wind generators'to 
power independent heat collectors, sophisticated storage facilities and other improvements 
(Chapter Vll). These systems obviously demand much more time, attention and a strong 
interest in experimentation. 

Asa living space, your biosphere will grow and affect things around it. If it is attached 
to your house or anotheCstructure, an interaction between the two will occur* The condi¬ 
tions that develop in the greenhouse will be shared with an adjacent room or building in 
the forms of hea.t, humidity and the exhilarating fragrance of growth. In addition to pure 
sensuous delight, benefits can be realized in an economic sense as well as through a reduc- 
•tk>n in heating costs and food bills. The changing moods of the life syst^n will soon be¬ 
come evident and you may find yourself reacting to them much as you would to a human 
personality. 
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Along with these rewards are the health benefits that you will enjoy. Greenhouse-fresh 
produ ce, especially if it is organically grown, can be far superior to its supermarket cdunter- 
part.. Conuflerdally produced foods may contain harmful chemicals, and in many cases lose 
mich of their food value during the^ays they are in transit and on the shelf. Not only-will 
yoiflsbody welcome the added nutrition of home-grown produce, but you. will also exper¬ 
ience ah unbelievable increase in flavor from the fresh vegetables. The environment of the 
greenhouse can also produce a'feeling of well-being aiad tranquility: It may become a spiri¬ 
tual refuge from the outside world. 

Perhaps the.most dynamic aspect of your newly created biosphere is its relationship 
to th'e life force outside of our earth’s environment-the sun.-Solar energy affects every 
facet'of-life and change on earth. The sun produces moyemehtTn the atmosphere, water 
and land masses./It acts qpon the earth’s orbit anp seasonaT'chailges. Its waves of visible 
and/invisible epergy are the basis of all growth and life^This awesome force will be the 
tnedium thrpligh which you wofk. You wih'collect its ; 4neHgy, contain and store it, alter 
aijjd direct it in the way most beneficial to the support $ your biosphere. The sun will com¬ 
bine wifn air, earth and water to produce the fifth essential element in the greenhouse, 
planj/life. In the management of vonr biosnhe^ vnurrnlp will he to rnrrmlete this fivp- 
sided cycle. 
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CHAPTER II The Dependence Cycle 


The mass-market age is the mass-dependence age. Dangerous aspects of the depend¬ 
ence cycle are self-evidenL. Dependence is addiction. Whether it’s a dock loader’s strike 
in Philadelphia or a two cent jurnpfiidhe per-gallon price of gasoline, the result is the same. 
Changes are made in your life, usually ForThe worse, without your having any say in the 
matter. Urbanization is.part of this cycle; specialization-m.employment is as well. Everyone 
in this country has felt the effects of this situation and suffered s'CTrre-of tJie consequences. 

j When those consequences affect basic life functions, it becomes a serious prolife nr. The-- 

question is, “How do you break the dependence cycle?” 

Going back to the land is one method, but for the majority of people, those who live 
and work in urban areas, this isn’t a viable alternative. Rural life isn’t everyone’s dream and 
it’s difficult, to say the least, to turn a 40’ ’x 80’ city lot into a self-sufficient farm. But 
one doesn’t need to be entirely dependent on the system.' 'A greenhouse nrakes it possible 
tp grow a substantial amount of food in a very small area. Moreover, itlengthens the grow¬ 
ing season tremendously in most parts of the country as well as protecting crops from dam- 

t 

age bv hail, wind and animals. . * '• 

In order to prevent trading dependence on one part of the cycle for another, a basic 
rule of thumb is to make a careful evaluation of how much energy goes into food produc¬ 
tion from seed to table, then compare that with the amount of energy'tIrat comes out of 
the food to an animal or person. Think about how much energy it takes to grow, harvest, 
pack, store and ship the lettuce in your salad and you’ll quickly see what that means. 
Consider gasoline and oil for tractors and trucks, energy expended to drill that oil, to trans¬ 
port roughnecks to the oil fields, to generate the'eleefficity used in supermarket freezers 
and lighting, and on. And on. It adds up. Obviously a thoughtful long-range food/energy 
view takes production techniques into consideration, giving top priority to “low-energy-in, 
hi gh-energy-out”. approaches. 

Again we come back to the family or community-operated greenhouse. It’s hard to 
find a better example. It short cuts the entire process. The family that grows a head of 
lettuce realizes a measurable pctro-chemical savings. Shipping costs are eliminated. Food 
is eaten fresh from the earth; noprocessing,W packaging costs are involved. And it is pro¬ 
duced by human labor without machine (purchase-, operation and maintenance) expenses. 

Aside from economic benefits, there j is always the fact of quality food, fresh and 
healthy with amazingly good flavor. The pleasure of raising your own food ecologically 
and a feeling of self-reliance are additional rewards. 

Fob all the above reasons, private greenhouse sales have increased tremendously. The 
problem-.with buying prefabricated greenhouses or plans is that they were designed without 
regard for the specific climate and solar conditions in your region, and they weren’t planned 
for your site or your house. In fact, the majority of prefab 'greenhouses are designed as 
free-standing structures and demand additional fossil fuel in winter. Rather than adding 
heat to your home, they actually.-increase your consumption of fuel. t 

* ' 
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While we obviously haven’t been able to see your home or your site, we’ve provided 
enough basics along with design modifications and information on how to use them, that 
you’ll be able to use this book, spve some money, understand why your greenhouse is 
Workingund-best of all, end up with a life support system custom designed for your home. 




CHAPTER III The Design 


PRINCIPLES 

The principles involved in the dynamics of a solar greenhouse are shared by all solar 
applications. Factors that apply specifically to an attached greenhouse will be discussed here. 

j 

Solar Radiation. In the context of a greenhouse, radiation or insolation , is energy that 

arrives from the sun in the form of sh*t waves. Its intensity and duration are affected by 

a multitude of factors (latitude, smog, time of day, etc.). 

5 ’ > 

N * 

Radiation; Heat energy is reradiated in the form of long waves from objects that sunlight *' 
., strikes. These lone waves heat objects and air molecules in the greenhouse and do not read- 
fly return through the glazed (glass and fiberglass) surfaces. This is known as the “green¬ 
house effect.” * f 



[ot/fr (aSA /£*** £ 


FIGURE 4 
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Collection. 1 his applies to the gatheringol radiant energy that falls on an object. The green¬ 
house may be considered a solar collector for the house. For the purposes of this book, the 
terms collector surface or clear glazing and skin will refer to the clear areas of the green¬ 
house that transmit (pass through) short wave radiation. 

Angle of Incidence. This refers to the angle at which the sun's rays strike a collector surface. 
On any fixed surface this angle changes every moment of the year. Solar radiation is most 
effectively transmitted at an angle of incidence perpendicular {normal) to the collector sur¬ 
face. Besides the angle of incidence, the amount of energy transmitted depends on the phy¬ 
sical properties of the skin (i.e., iron content in glass) and the number of layers in the glazing. 
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Storage. Solar energy can be stored directly in objects that it strikes. The amount of energy 
stored, the rate of storage and the rate of heat reradiated from the object depends upon the 
surface texture, color, thermal mass (density x specific heat), conductivity of the material 






and the temperature of the surrounding air. Common storage media used in a greenhouse 
are water, rocks and earth. We recommend two gallons of enclosed water or 80 pounds of 
masonry, (rocks, bricks, etc.) per 1 square foot of clear glazing. F : or maximum effect, they 
should be visible to the winter sun. See Figure on the preceding page. 

Absorption. Dark, low-reflective surfaces absorb more total radiation than light, reflective 
ones. 


Reflection of light..As the north wall of an attached greenhouse is solid and does not trans¬ 
mit light, it is necessary to reflect (or bounce), some light from it in order to duplicate the 
naturally diffused light that a plant would receive outdoors. If this is not done, the plants 
can become abnormally phototropic , or light-seeking, and.wilf not exhibit healthy growth 


patterns. In a freestanding greenhouse, the north wall can be tilted to reflect more light to 
the plants. 

Dark and opaque surfaces combined 
with heat storage are required in the solar 


greenhouse to absorb and conserve heat, 
while light and clear surfaces are essential 
for healthy "plant growth. The solution to 
these conflicting needs is a compromise. 
Some surfaces will absorb while others will 
insulate and. reflect. The reflective areas can 
be placed.directly behind the plants on the 
north side of the greenhouse. The chart in 
■Figure 6 shows the reflective properties of 
various flat surfaces in the visible light"range. 


Visible Reflectance of 
commonly used reflectirig materials 

i 

Material Reflectance (Percent) 


a- 


WHITE plaster 1 

90 

- 9 2 % 

MIRRORED 6 LASS 

80 

- 9 0 % 

MATTE WHITE PAINT 

75 

- 9 0 % 

PORCELAIN ENAMEL 

60 

- 9CT% 

POLISHED ALUMINUM 

60 

7 0% 

ALUMINUM PAINT, 

6 0 

- 70% 

STAINLESS STEEL 

55 

- 6 5 % 


FIGURE 6 


Heat lo^s. Heat moves to cold, regardless Of the direction it has to go. It is indifferent to 
“up” or “down”, “inside” or “out.” There are several types of heat loss to be concerned 
with in the greenhouse. One type is direct transfer, or conduction of heat from warmer, 
regions to cooler ones. In the greenhouse, heat energy fr6m warm inside air will be 
transferred through the skin to the cooler outside air. The process is-slowed down by a 
“dead” air space between the glass or double glazings. Air pockets in fiberglas batt. styro-f 
foam,‘sawdust or other types of insulation.bonstitute dead air space and are the primary 
insulators in most insulating materials. They slow down conductive heat losses but do not 


'$top them entirely. The ability of..a material to insulate is rated as an “R” factor. The high¬ 
er the “R” factor, the better the insulator. 

Nqgturnal or clear sky radiatyin is another source of heat loss. Warm earthly bodies lose 
their heat to the night (and day) sky...to space. Cloud cover, fog and haze are natural bar¬ 
riers to clear sky radiation losses. Smog is an unnatural, but effective, barrier. The loss oc¬ 
curs most rapidly through clear surfaces.’This is particularly important in the Rockies and 
throughout the Southwest on crystal clear nights. . / : - 

Convection is a third source of heat loss. An insulating barrier wilU,ose its efficiency 
if there is air circulation within it. The faster the air movement, the greater the heat loss. 



This circulation cannot be stopped entirely, but it can be cut down to preserve heat. You 
can think of conduction as heat moving through solids and convection as heat moving 
through fluids and gasses. 

Infiltration tosses are leaks -around doors and vents, or through cracks and sloppy 
joints. They allow rapid heat loss and cold drafts and cannot be tolerated in a solar green¬ 
house. Air leaks iurc a major heat loss in buildings and the easiest ones to stop. 

Evaporation could be a major source of heat loss but it should not be an important 
factor in a properly watered greenhouse. In the summer, evaporation will be usqil to help 
cool your greenhouse. 

J All heat losses are greater in the higher ( warmer) areas of the greenhouse, through the 
clear walls and around the perimeter of the structure. 

Air circulation. Heated air in the greenhouse rises and flows into a high Opening to the 
home. A low opening in the shared wall allows cool air from the house to enter the green¬ 
house for heating. Without any mech¬ 
anical devices this natural cycle will 
function continuously on any relatively 
sunny day (see this figure as well as fig¬ 
ure 5 on page 10 ). Two additional bene¬ 
fits are provided-by this type of air cir¬ 
culation. The plants in the unit convert 

carbon dioxide into oxygen-rich air fqr 

* 

the home, a«delinite health benefit tor 
the occupants. Also, in areas of the 
country with very low humidity, the 
V; figure 7 ■ added moisture from the greenhouse 

will be welcome in the home. The circulating pattern becomes better as the vertical distance 
between the high and low vents to the home is increased. Try to get a 6 foot vertical dis¬ 
tance between the high and low vents. The same is true with summer venting. The total 
square footage of cxtcrTor vents should be about one sixth of the floor area of the green¬ 
house. The liigb-Went is one Ufird larger than the lower one. The exterior door counts as a 
vent. For example! inm 160 square foot greenhouse \^e have: 

• - ' \ / / 

Exterior- Low vent ( 16 inches ott the ground) 2/x 2’ = 4 square feet 

High vent (1 to 8 feet off the ground)/2 x..V = 6 squareJeet 

Door 3 x 6 ’ =18 square feet 

Venting area 28 square feet 

Venting to the home doesn’t have to be this"large. (Ifmay be greater if there is a door/ 
window combination.) Try to have at least 4 square feet of low openings and 6 square feet 
of'high openings for a greenhouse this size/ Sc,ale up or down for your own application. 
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THE SITE 


The meaning of the term trade off will become apparent when you begin to select a 

r 

site for the greenhouse. All the conditions are not likely to be ideal, but it is important that 
positive factors are emphasized and detrimental ones kept to a minimum. 

The first step in choosing a site is to determine how your home and property are 
aligned in relation to solar movement and other natural elements. Stand on the south side 
of your house. Where did the sun come up today? Where will it set? What wifi its rising and 
setting positions be on December 22nd and June 22nd (the solstices-) relative? to your south 
wall? Whajt are the prevailing winter and summer winds? 

Orientation. A solar-greenhouse requires at least a partial so^th^rn exposure. Find magnetic 
sotith bv usinu a compass. A survey map can tell vou how many degrees?east or west (de- 
clination) Irom your site,true south is. Add or subtract these degrees to Iipd true south. The > 
magnetic pole roams around a bit. so try to'get a fairly recent survey map. When you estab¬ 
lish true south, determine how far from a perpendicular to south youij house wall is. This 
cast-west axis will be the north wall of the greenhouse, and it can be as much as forty de¬ 
grees off true east-west without losing an appreciable amount of winter sunlight. If you 
find that you have no home wall tliaj is oriented within forty degrees*)!' 11 1 e eajibw-esb^ocTtr' 
consider a corner location. If no acceptable localkuimvToHmTiiifpTmTilg the house, then an 
independent structure must be "planned. All of the natural considerations apply to inde¬ 
pendent as'well as to attached solar greenhouses. Use the charts in Appendix A of this 
book a^ aids in visualizing orientation; sun movement and obstruetipns at your location. 
They should prove helpful. The following two sections will help you use them. 



Sun movement. The sun is 
constantly changing its path 
through the sky, dropping 
low on the horizon in the 
winter and rising to an over- 

fr 

head position in the summer. 
A solar greenhouse differs 
from most solar systems"in 
that it is-not necessary to ob¬ 
tain the maximum intensity 
and duration of sunlight 
throughout the entire year. 
It should be designed and lo¬ 
cated so that it receives the 
greatest possihie amount and 
intensity of light during the 
winter, when daylight hours 
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FIGURE 8 





are few,'and less light in the summer when overheating is a problem. The photoperiod\ 
(length of sunlight in a day) becomes particularly importaift for charging the thermal mass 
in the greenhouse during winter. Because the photoperiod is so short from October to 
March, both the plants and the heat storage features of the greenhouse need every available 
minute of it. Designing in accordance with stin moyeip^nt patterns gives The solar green¬ 
house automatic advantages over conventional units for winter heatingand summer cooling, n 
T liis type of natural conservation has been widely neglected because of the availability of 
^inexpensive heating fuels. However, pit and attached solar greenhouses were built in the 
late 1880’s in New England and exhibited a-precise understanding and use of sun move¬ 
ment. * I . ’ 

* / ‘i v . •*, 

The quality o'f light the. greenhouse receives at various times of the year/is also art ipi- 
portant consideration. In Santa Fe, New Mexico, a winter morning is more likely to be 
clear than a winter afternoon. Bor this reason, it is advisable here to have a greader^|noiirLt- 
of clear wall on the eastern side of the greenhouse thjinjDjit^^ eastern 

clear wall makes sense in anyJocahs^Xhe^reerdfouse needs the early waymin^rays after a 
cold winteuiighE-Toa^ page Si) claims that morning “/is when the plants 

'"TIoTheir groovin’. Give them eastern light.” 

j 

Obstructions. Anything that blocks light from j the® greenhoyse may be considered an ob- 
struction. In examining, an obstruction, its orienjtation arid size are. the two mbst important 
factors. Where is it in relation to the south facet>f the*greenhouse? How much of theTimg. 

i c ‘ I i ■■■ ■,. 

is^ it blockin^the sun and during what season? jA deciduous/leaf shedding) j .ree that parti¬ 
ally shades the greenhoj^e from the late afternopn summer sun could be an aSset. A twenty- 
foot evergreen ten feet sou>th of the unit is a seriousj problem. The charts in Appendix A, 
page 139, can be useful tools in determining hqw much sun will be blocked at various times 
of the year. For best midwinter operation, no: more than an hour or so of/midday sun.can 
be lost to obstructions. In urban areas the possibility of a neighbor planting a trfce or adding 
another story to his home directly in front of your greenhouse'is something that should bi 
, considered. There is a great deal of legal research now underway pertaining to “sun rights,: 3 
ff in doubt, check into th-is possibility before you begin. o ■/•' ■ ■, 

Your home may present ai sun obstruction on the east,br west side. While it might 
block some of the light, particularly in the summer months, it will also be blocking the 
wind and acting as an insulating barrier against the elements. / ^ 

The important thing to> remember is that an obstruction can be a positive or negative 
factor. You can compensate for some obstructions by proper bed layout. In other cases, 
exterior reflectors can make up, in intensity and duration, for light blocked by an obstruc¬ 
tion. Remember that whenever light is sacrificed, the perfomiance of the greenhouse is 
altered. Try to achieve the full winter phatoperiod and at least tgn hours of summer sun. 

O 

Wind. The natural How of prevailing winds can be used to your advantage in the design ot 

* ' ► . _ ----- - . •»_ .. .— 

-’~ the gree l1house"In many parts of tITeTouTTtry the summer-winter patterns will vary as much 
as ninety degrees. New Mexico has a pattern of winter winds fTom the northwest and sum- 
\ mer breezes from'the southwest. Bv mounting a low vent in the southwest corner of the 




greenhouse and a high vefit in the northeast, the prevailing summer winds are use,d in natural 
pooling. | . C: - . • ’ 

Another important matter is locating tjie exterior greenhouse entrance-on the opposite 
side of the prevailing winter winds. In this" way the entrance is partially protected from'' 
drastic heat losses when opened in the cold period. This is.a necessity in a greenhouse that 
has no doorway to the home. 1 v 


Drainage. Adequate/lrainage away from the home and the greejihouse structure is essen¬ 
tial. Most buildings are constructed with a gradual slope away from them for runoff. When 
the extra roof area of the greenhouse is added, will this still be effective? Be sure t o check 
the dirains and gutters fro m the house a nd_wi4&reAh^v^ininate7TrnitTihTocatiom it may 
Hjen^ssfbleToToimect to^ existing drainage lines.'Try tb have the ground runoff from the 
greenhouse follow the existing pattern of drainage. Some pick and shovel work may be 
"necessary to facilitate^this. ' ° . 

* 4 j. ’ Sj" 

. Percolation , the rate at which water can How downward through th£ soil, is particular¬ 
ly important if you plaifto have ground beds in the greenhouse. Although correct watering 
fproQedu^Would never allow saturation of the beds, accidents (such as leaving the hose bn 
, overnight),., do happen. Whei/soil conditions at the greenhouse site are not conducive to 
good percolation, you can add several inches of coarse sand or gravel to the ground level 
of the unit.to ai^ drainage. Water accumulating under the floor is not beneficial to the. plants 
or the thermal dynamics of the greenhouse. It lessens the effectiveness of any iifsulating 
* barrier. . 

•HP v ■ .i • 
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Utilities. It is convenient to have^wiiter and .electricity. available at the greenhouse site. A 
water faucet^ cuts ddwn^on the manual labor involved in hauling water to flip plants; but 
as plants in a-greenhouse do not require as much water as they would outdoors, their needs 
can be accommodated by hand. If a faucet is located at the site, plan to built} if into the 
unit, iii the spring and summer you can extend a hose through thedoor or vents for watering 
the outdoor plants.- It is .also possible'- to get an adaptor for indoor water outlets and run a 
hasp to tin? greenhouse through a door or window. 

An electrical outletjfjjj^e a water faucet, is-convenient but not essential. It is enjoy¬ 
able to have light for nighttime-work, but difficultoto justify the expense of the electrical 
power needed to light the structure in terms of the additional food it could produce. 

Fans are very low power consumers and must be judged differently. In parts of the 
country such.eas the deep^s'otifft 1 , they may be-a necessity for a successful year-round green- 
chouse. A fan woujfl be a great aid in any. area for moving warm air that the greenhouse 
produces in the winter into an adjoining home, thereby increasing the effect of tl\e green- 
house as a collector.JTefe,again,at might be possible to run an extension* cord into the 
/greenhouse and save^the expense of permanently wiring the structure. - • * 

r a v, 4 ’ i 

The main point is this: leave or design provisions for utilities if it is convenient and 
not costly*to do so, but don’t feel- that’,,you have to have them in order tb J|ave a successful 
solargreenhouse. 


■*/ 
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Openings to home. An attached greenhouse should have access to the house, ideally in sev¬ 
eral places. The reasons for this are both aesthetic and practical. If you find a south-facing 
wall that has a window and/or door that will be covered by the greenhouse, then you are 
very fortunate and have just saved yourself a lot of work. lf\not, don’t despair; the situa¬ 
tion can be remedied. 

However, don’t begin by punching holes in the wall of your home. This can be done 
at a much later date when you completely understand the air circulation patterns of the 
"greenhouse and the hbat that it is capable of producing. At this stage you are looking for 
locations thaj do ar^©4^-have^gpenings to the bouse. 

A door from the home to the greenhouse allows easy access and integrates the two 
into a whole. A door from the kitchen to the greenhouse is particularly appealing and should 
be utilized if possible.-Any windows between the structures are a delightful way of bringing 
the rich' life forces of the greenhouse into the hqme throughout the year. 

Keep in mind the visual characteristics of the building materials. If you plan to use 
fiberglass-acrylic panels or polyethylene in the greenhouse, remember that they are trans¬ 
lucent, not transparent. Their visual appearance is rough-ly equivalent to that of a shower 
stalfdoor. This might be an imporfant consideration if you have a view you’ddike to pre¬ 
serve. 

' Building codes. Building codes, inspectors and permits are strange inventions. Originally 
intended to be constructive, helpful devices, they'can be restrictive, rigid and generally 
oppressive to innovative design work. The latest information in the code books about green¬ 
houses was probably written around 1940. In some regions, greenhouses may be considered 
“temporary” structures (like gospel show tents) and have virtually no restrictions on their 
construction. In other areas, they may be subject to strict (and obsolete) codes. 

The best advice is to find a friend involved in construction and check up on the 
“mood” of the codes and inspectors jn your area. Quite possiblyPthe local inspector will 
be a, considerate aid in your pifoject, giving'valuable advice on the strength of lumber, 
^foundation footings, and so forth. If you are in doubt about the local situation, follow the 
prescribed Code to the letter. Ini the long run this will be cheaper than tearing the struc¬ 
ture down and doing it over. , 
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EXTERIOR DESIGN 


The exterior designs we show will be based on a lean-to or shed roof configuration, 
but the principles'involved are applicable to any roof shape or design. A shed roof offers 
the following advantage^ . * 

1) Construction problems are redb-oed when working with standard lengths and 
angles. The fewer intersecting planes there are in a structure, the fewer junc¬ 
tions, the easier it is to sea v (. The addition can be tied into the existing structure 
fairly~easi7y 

2) Both time arid money jfre saved by the design. The spans, openings and panels 
cam be;planned around the United States building standard (four-by-eight-foot), 
so there is little waste. Material purchases are easy to estimate. 

3) As-'tlYajor exterior planes are limited to four or five large areas, heat gain/loss 
r \ calculations are a' simple, straightforward process. When moveable insulation is 

utilized, the procedure of applying it is uncomplicated because you are working 
with large, Hat surfaced 

In choosing a site, try *to achieve'the following: 


1) Have as much south collecting area as is economically>feasible. 

v -ft.. ; 

2) Cover a long linear area of the house wall for storage and insulation. A long rec¬ 
tangular (east to west) greenhouse gains a greater photoperiod than a “boxy” or 

square design. ( * \ 

. ' ’ \ ' 

• * / . ' - " . 

A rule ot thumb that has proven/successful in building solar greenhouses is to allow 

the length to be about IVi - 2 times the width. A size that has been fairly standard in the 
Solar Sustenance units is 16” long by 1 O’ wide (foundation extremes). A greenhouse of these 
dimensions has plenty of growing space with some room left over for working and relaxa¬ 
tion areas. ' 

If the width of the greenhouse becomes much greater than 10 feet arid the pitch of 1 
the roof is shallow, rafters heavier than 2 x 4's must be used and the expense of building 
increases. A narrow greenhouse has othef advantages in construction and in its thermal 
characteristic v ' T * , / 

In the greenhouse shown in the diagram (Figure 9, following page), the sun at noon 
will strike no higher than point “A” throughput the winter. You can plan to add any direct- 
gain storage below and south of it. A wider greenhouse (“E”) would mean that the clear 
area on the roof (“C”) would have to be increased, creating more clear surface for heat loss 
in the winter and heat gain in the summer. Note that on Tune 22nd/the area north of point 
“B” will be in the shade during the ho.ttest part of the day. This iheans that your thermal 
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stojrage is out of the direct sunlight in mid-afternoon on summer days, when you don’t need 
or (want it heated. ' 

i The solid roof area of the greenhouse (“D”) will be permanently insulated. The result 
will be a more even temperature range in the unit throughout the year. A partial sacrifice 
with built-in shading is that full light-loving plants (tomatoes, cucumbers, peppers) won’t 
do-as well in the rear of the greenhouse during the sumnSecperiod. You can compensate 
for this by planting them in front. However, most flowers, sl'iade-loving plants, and cool- 
.weather vegetables will find the covered area -pf the greenhouse acceptable. The loss ot a 
little summer light is more thamreturned in overall thermal performance in a correctly 
shaded greenhouse. t ' - 

Plan your design to allow the winter sun to strike well up on the wall (“A”) ot the 
greenhouse (five to seven feet). This will guarantee that approximately one-third ot the 
rear section will have partial shading in the heat ot summer. The point on the ratters where 
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the insulated roof stops and-the,,c,lear roof begins can be determined by-.a cross section scale - 
drawing using the information on the charts. (Appendix A, page -139). * 

Angle of the south face. In the solar greenhouse,-you-are.working for maximum efficiency 
of collection during the winter period and reduced summer transmittance. To do that means 
that the angle of the south face should be close to4 perpendicular, called normal, with the 
average “solar noon” angle of the sun during/fne coldest months. In the northern hemi¬ 
sphere this period is mid-November to,midrFebruary. * 1 ' 

If we average the winter splar noon, angles in the contiguous U.S. we find that the 
optimum tilt for-winter collection begins at about 50° in the southern United Statesdind .. 
rises to 70° around the Canadian border. Remember, this is at solar noon; all othe/tim&s 
of the day the sun is at a lower altitude in the sky. The lower altitudes mean that the col- 
lector tilt can be raised for better transmittance through the entire day. A formula Fvemsed 
for establishing the tilt of the south facfe is the latitude + 35°. You can see that if you live 
north df 45° latitude, tht^’afrgle becomes very close to vertical. To have exactly the correct 
angle is not critical. The tilt of the glazing ca'n be as much as $p° off of normal and still 
not lose an appreciable percentage of light transmittance. .- ' - 

What is perhaps more important, is that a,steeply tilted south face \snot normal to 
the summer sun. In other words, you don’t lfave a huge clear area perpendicular to ( the in¬ 
tense summer .radiation. The relatively small clear roof area of the shed designs (Figure 10) 
insures that you have less overheating problems in the warm montlfs»The large south face 
at'a steep tilt is far enough off normal to reflect a substantial amount of radiation in the 
summer. 

a 

.There are other important consider- 
ations to_ jdeterm.ining the angle of the 
south face. If you are planning moveable 
insulation (rigid or curtains) on-the clear 
surfaces, a vertical plane is definitely easi¬ 
er to cover than one tilted at sixty-five 
degrees. Another tjactor is that a vertical 
south wall provides more interior space 
than a tilted one (Figure 10). 

.j On the other hand, a vertical south 
wall demands more\materials and greater 
spans. Also, given a 'height limitation on 
the home, the tilted face has a greater sur¬ 
face area to winter normal than the verti¬ 
cal one. E^oth designs have a relatively 
small clear surface on the roof that is 
normal to the summer sun. In our units, 

\ye have used both configurations success^ 
fully. * ). ' 

FIGURE 10 
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You may have an existing,patio wall or fence that could serve as the south.border of 
the greenhouse. The angle’ between it and the proposed apex might not be exactly correct 
for -the maximum nf u/infpr snn hilt its availahili-tv ran he a ,Hefinitp. aHvantacrp Make/ 

o 

use of it if you can. 


Insulating and storing walls. The solid walls in your greenhouse can be used for insulation, 
storage or best of dll, both. Depending on your orientation, they will be built on the east 
©r west side(s) of ,the unit and perhaps a low one will be included beneath the south' col¬ 
lecting face. A typical insulated wall would be made of two-by-fours® with interior fiberglas 
or rockwool insulation, then sheathed-,- paneled and sealed,'. The advantages of such walls 
are that they are easy to build and inexpensive. This is the'way the great majority pf Ameri- 
can homes have been built for the last four decades. The drawback is that if tlje heat Is- 
turned off for a tyne during the winter, the frame house gets cold Very quickly. The struc¬ 
ture is entirely dependent upon continuous heating. % 

Building arwall with thermal mass makes sense in any structure that uses direct sun¬ 
light for Tieat The- heat is stored in the building-material/and returned, to . the structure 
several, hours later. .Materials stich.as the adobe bricks used In the; Southwest have the.je- 
markable quality of delivering maximum storedlaeat about twelve liours.after the jiea^ cdl-i 
lection period, when it is needed most. The 61 d rock homes wit h th ick w .allstdund through^ 
■out much of the United Spates perforfn.the same function. This natural cycle also works 
to the'benefit of the occupants in summer, helping to keep the-honfelcool in the day and- 
warm at night. . , 

ComiTLQ^massive building materials are ceramic brick, stone, adobeTfired or unfired), 
poured concrete * and pumice (cinder) blocks filled with concrete. These kinds of walls re¬ 
quire a heavy foundatiorNqnd take a little longer to build, JaytHhey are worth the effort hi' 
a solar greenhouse. The thicker the, walls, the greater the thermal mass. / 

For'massive walls to perform properly they must be insulated on the exterior surface. 
(See Chapter IV, page 49, foil-techniques). When this is done, the walls become in effect a 
structural “Thermos bottle,” radiating most of the. heat gained, daring, the day back into 
the greenhouse at nighty. • 

It-is important to remember that the greenhouse does not need to have perfect char¬ 
acteristics in "all of the discussed categories to be successful. However, if one factor is lack¬ 
ing, it wOltd be wise to compensate for this somewhere eJse. For instance, if you decide to 
build simple stud waits, it is advisable to increase the amount of thermal storage in some 
other area of the greenhouse. 


INTERIOR DESIGN 


The design of the greenhouse interior will depend in large part on your personal atti¬ 
tude toward its use. Many people enjoy a greenhouse that provides space for activities other 
than gardening. If this is your feeling, allow plenty of room for sitting and moving about. 
You may arrange the planting areas around a central living space or separate the two com¬ 
pletely. 

Most greenhouse owners prefer to make maximum use of interior space for growing 
plants. This is a more difficult design problem and demands consideration of several im¬ 
portant factors. 


Access. If your biosphere is built against a wall having an existing doorway, the door should 
open away from the greenhouse area. All exterior doors are built to open out. This will 



'C. 

FIGURE l 1 


allow you more freedom in arranging the interior space. It is likewise preferable to build 

r 

vents that open to the outside or that slide. 

Provide sufficient walking space in your floor plan for unrestricted access to all plant¬ 
ing areas. Plants will tend to overhang the beds, so allow .for g rowing room. At, times your 
greenhouse may have to accommodate several people; one expanded area of*a walkway 
will furnish the needed capacity (see Figure 12, following page). 
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Planting areas. Permanent beds may be dug directly into the greenhouse floor. If additional 
depth is desired, supporting sides built above ground level will hold more soil. It is impor¬ 
tant to estimate shadow^"that will be cast from plant-filled beds. Beds located at the rear of 
the greenhouse (away from thersun) may be built above ground level to.prevent their being 
shaded by front plantings. In the small greenhouse, optimum use of vertical space is essbn^ 


tial. Thisjfnay be accomplished by adding shelves, hanging beds and planters. 



F I G U R E 1 2 


Table beds used in conjunction with ground beds will yield-an even larger planting area. 

, ^ > 

However, care should again be taken to insure that the front planters and tables do not un¬ 
intentionally block direct sunlight to those in. the rear. The above drawing illustrates a 
planting layout incorporating several of these features. 

Including a water drum storage system into your greenhouse will require added design 
considerations from the outset. In'' terms of the interior design, your primary concern i-s the 
proper placement* of the system. Exposed water drums, for instance, should be located 
such that they receive maximum direct sunlight yet do not shade'your plants. Using the 
'storage drums as shelf supports of planter bases is a good' way to combine*functions. If you 
plan to add this passive storage system later, allow adequate space in the original design 
to accommodate it. ' r 

t 

. Jr ■ 
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tive should be ^combined in the plan. The value of this point has been proven in the Solar 
Sustenance greenhouses: if you are pleased with the final results, you will spend many 
pleasant hours in the environment, helping to insure its success and deriving the fullest 
benefits from the fruits of your labor. ~ 
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Construction 


.CHAPTER IV 


In this chapter we will take you from the first shovel of excavated earth to the last 
nail in the wall. ^Experienced builders may want to skim this mateTTal for pertinent green¬ 
house information and do the rest of the building their own way. A list of tpbls and raa-,- 
terials used in building a 10 x 16 foot attached solar greenhouse is shown at the'end of 

r A- | 

this chapter. But read the entire chapter before you buy or build anything. 

If you’ve never really built anything before, you’re in for some surprises. First? there 
is nothing mystical about construction-house's, chicken coops, greenhoi^ 
principles are "all the same. Your potential building skill is as great as any builder, better 
than most, because it’s your project and You care about it.' 

Thehnain difference between you and building contractors is that they know how to 
. cover mistakes. Almost any error can- bfe' corfected (or hidden). True, you must stick to 
some fundamentals to have a sound structure, but common RRnse rather than supernatural 
powers guides you in foil owing th ese 

J There are abolif aThousand ways to do any particular building operation (that’s what 

’ . v « ... ' ....' ' * :•••" ■' j 

perpetuates the mystical aura that surround’s.construction). Any “expert” wilt give you onei 
or two of these yays. So will we. " ‘ *; t 

' Once you start buiTdingv.yoU’lI fincTItirdclictive. We have had a love-hate relationship 
with it for years. It will torture.,your days and keep you awake nights^ but you’ll want to 
do more. You will think of all the'improvements that you could make in y6ur house and 
you’ll be hooked. 

GENERAL TIPS " 


1. Plan each step of construction as completely as possible. Determine and obtain" 
materials f6r”^acirstepybefore beginning. This is easy to say and not so easy to do. But if 
you consider the amount pf time, organization and gas money that goes into a “quick trip 
to the supply store,” you should be convinced of the need to plan'ahead. ‘ 


2. . Many construction materials come in standard sizes. Sheetrock ancT ply wood, for 
instance, come in 4’ x 8’ panels.'Designing the dimensions of the greenhouse to correspond 

I -? j _ , 

to these’standard sizes can eliminate time-consuming cutting and custom fitting. It also re¬ 


duces expensive waste: i 

Do not expect framing] lumber to be the size it’s called. Those days are long 
.gone. For instance: a 2x4 is P /2 H 3Vi , \ a Tx6r is x '5Vi \ Also, when buying stud lum¬ 
ber, check the length. Not long ago, I bought some 8’ studs” that shrunk Xol'-lVi" by the 
time I‘got home. When I called the company,„I was fold that including the top and bot¬ 
tom-plates,—the-studs would make an 8 foot wall. Well, that’s true, but 1 paid for eight 
feet!” . ’ ■ 









i 


3. Prices vary greatly. In-shopping for iMteri^ls, a few phone calls to competitive 
* suppliers may provide substantial savings. If you can get some other folks interested in* 

- building a greenhouse, you can save money by making “quantity orders.” t- 

Americans don’t realize tl%at there is no set.price on anything. Don’t be afraid to 
jargain-shop or haggle. Ask for a special price. Get to know the managepof the store. Tell 
that person thaTyouVe working on an ^experimental project.” That always sounds inter¬ 
esting. It may bring the store increased business if yourffiends like your greenhouse and 
decide to build one themselves. Supply and demand still functions in the building industry. 
If an item isn’t moving, the*manager can lower the price on tlpe.spot. I once got a $350 
table saw plus all optional attachments for $200. 


4. You may choose.tq use less than “first grade” materials. Resawn or rou^h wood 
cap be purchased for about one-third the cost of finished grape lumber. Useable materi¬ 
als are often discarded; you can recycle them. Check large construction sites, salvage yards 
and dumps. A note here: How much recycled material you use may depend on how much, 
time you have to devote to this project. The reason most Construction companies buy 
" everything new and in standard sizesHs to save time. If you,have the time, saVe-cash by 
scrounging, . " , \ • - . f ' 

« " ■■■' f 

9 * . '•. 


j 5. Ip buyingma^epals, order some what more than youjexpect to usei This will allow 
for mistakes and r sdve unnecessary trips to-the supplier,. It’s'also wise to expect the'total 
cost of construction to, be somewhat higher than your ‘ estimate and the time ipv.61v.ed 
longer. I’m upfcfally off by-about twenty percent. This is •probably why the building in¬ 
dustry has the highest percentage*of new company failures..of any industry in the country. 
When was’dhe last time that you heard of a construction project being completed in less 
time and at a lower cost than the estimate? , 


^ f m 

6. Set up a staging and storage area for the materials. Plan to keep the entire build¬ 
ing area off-limits to little children and pets. There are so many activities going on at a con¬ 
struction site; it’s-easy for someone to get hurt. 


,t *4 


7. ' In alUtepsof construction, measure as accurately as possible. If in doubt, exceed 

the correct measurement rather than cutting under it. You can always take a bit more off 

\ but it’s difficult to put it back on. 

: '■ . « 

-8 ; . , Perhaps the i0fet useful piece of advice ,for the novice builder is to ask for ad- 

.. t+v- L. 

vice'. The elderly, experienced salesperson at the local hardware store may be a fund ol 
building knowledge. Don’t hesitate to tap this valuable source. 


er 
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THE SITE 


The site that you have chosen for the greenhouse may demand attention before you 
can begin foundation work. In certain cases, a site that is not level can work to your advan¬ 
tage. If the terrain slopes awdy from the existing structure, for instance, you might consider 
“sinking” the floor level of "the greenhouse (Figure 15). A good depth for attached solar 



FIGURE 1 5 


greenhouses is the same depth as the home foundation. One of the main reasons for exea—- 
vating is to lower the “profile” of the unit so that it fits beneath the existing-eaves of the 
house. Sinking the greenhouse will require more excavation than simply leveling the site, 
but it can result in more useable vertical space. "Situating the highest point of the greenhouse 
interior directly adjacent tg, a house window or doorway will also supply more useable heat 
to the home. , ' ' 

If the ground slopes laterally to the side of the house, you may wi§h to design a split- 

level floor plan rather than level the entire site. Whether split-level, sunken or used in its 

■ 
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existing state, the site should be relatively level (side to side, front to back) before beginning ' 
foundation work. • • .X 

The excavation depth for a greenhouse is determined by severaTfaclors.-Many people 
have the misconception that if you dig a little wayjnferthe earth, the .below-grade soil \ 
will be thermal storage. Actuallj^\_mie-mwst^o^down a'con-si derable distance below the" 
frost line toj^achr^afth^tiaTTvould constitute a heat gain for a winter greenhouse. 

"""" n Pit greenhouses” or “grow-holes” are based on this principle. They are dug out sever¬ 
al feet below the frost line to enjoy- the .benefits of the earths thermal storage. We have 
observed 0 that gr’ow-holes perform slightly better thamsolar greenhouses 0 / 7 /y/m.extremely 
cold weather (below -2Q.°F in the New Mexicd'region). J 

To achieve increased performance in a pit .type of greenhouse adjacent to the home., 
you might have to dig down several feet below the foundatidn of the dwelling. This is not s 
advised. If you have an existing deep cellar Or basement with strongwalls and good drainage ' 
away from it, an,attached grow-hole might do quite well. The hot air in the apex of the 
greenhouse would enter'jow in the home and the cool air in the basement would be circu¬ 
lated into the lower part of the„greenhouse. The'problem is that any design of this nature 
would require extensive excavation, landscaping and 41 thorough knowledge of the strength 
and condition of existing walls. If is not a recommended x project for novice builders. 


THE FOUNDATION 

x 

The foundation of tony structure is one of its most important elements. If it is built 
properlyrpiany future problems will be avoided. Careful measurements for the foundation 
are esseiitial. We will assume for the purpose of these construction steps that you are build¬ 
ing a greenhouse with a rectangular floor plan and that you are attaching it to the home'. 
For the tools needed, see the list, at the end of the chapter. - 0 ' ' 

*To determine the ninety degree-corners-off of tlie-structure, place one edge of your 
framing square against the existing wall and extend the other^dge with a string.(see Figure 
16 on following page.)_S.take the string at the distance you have -determined Tor the outer 
boundary off he greenhouse. After re pc a ting-this prbcedure for the other end wallvhiea- 
sure to see that the two strings are parallel (“A” 1 ; tp “B” equals “C” to “D”). Connecting 
the outer perimeter stakes should produce a rectangle (“A” to “C” equals f‘B” to “D”). 
To double check your ninety degree corner angles, see that the diagonal measurements are 
equal PA” to “D” equals ”B” to ”C”). 1 

We-will describe the poured concrete/rockXtype of foundation because it is widely 
used and easily understood'and~constructed by the home builder. 

Along the perimeter of the greenhouse excavate a trench to the desired widjli.and 
depth. Make it. at least 4 inches wider than the walls of the greenhouse and at least 
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16 inches deep (if a massive wall(s) is planned). Drive stakes into the trench at 6 to 8 foot 
intervals, leaving 6 inches of the stakes exposed above the bottom, of the trench. Check 
that the trench is level by laying a flat board fronf. the'top of the highest stake and taking*' 
a; reading with the level from there. Do this around the perimeter of the trench. Fill when 
necessary; then smooth otrt the sides and bottom with a flat-nosed shovel. To double check 
- the level, we recommend: 

i ’ r ^ 

• The Old Carpenter’s Water Trick h 

U j ; 

So, you want to check one end ot the foundation trench with the 
other. You don’t have a transit and thf 2x4 won’t bend. Get a friend. 

i. V ! r 

Then take a regular garden hose and lay it in the trench. Drive stakes 
in the end corners; each must be exactly the same height from the bot¬ 
tom of the trench. Holding the ends of the hose flush with the top of 
* the stakes, fill it with water. If the extremes are level, the water level 
a-t-each end will be equal. 
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The beauty of this trick is that it will work for any length and over rough terrain 
(with a couple of people and plenty bf garden hose). Of course, the hose ends have to be 
held higher than any point in between. 

After the trench is dug, leveled and cleaned out, keep all interested gawkers away 

from the edges so they don’t cave in the sides. ' 'i ' ' '' 

Before the foundation is poured, the outside and bottom'of the trench should be in¬ 
sulated with 1” or more of rigid styrofoam (see Figure below). Out the panels to size and 



FIGURE 17 

fit them into the trench. They can be temporarily propped in place lintil the concrete is / 
poured. Another method ^pf insulating the perimeter is to wait until the foundation has 
been poured and the concrete has hardened; then dig a trench around the outside of it. Line 
the trench with sheet plastic and fill it with sawdust, dry pumice or styrofoam beads. En¬ 
close the loose insulating material with the plastic to-keep it waterproof and cover the trench 
with dirt. . • .. 

Another prepotiring step is to insert reinforcing material in the foundation trench. If 
you have to meet stringent building code requirements, this may be mandatory. “Re-baf r 
or re-rod, as it s called, can be used in 1/2” or 3/8"” diameter. It can be bought and cut 
to length at any building supply store. Two lengths of re-bar are laid along the bottom of 

r , •* 
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the trench about 8 to 10 inches apart,'supported 4 to 5 inches off the bottom by rocks. 
Ends that meet are lashed together with jbaling wire. \ 

I’ve poured foundations with and without re-bar. 1 often throw as maViy river rocks 
as 1 can find (5 to 8 inches in diametef) into the bottom of the trench amf forget about 
the re-bar^ 1 haven't noticed any settling or cracking in the foundations I’ve built this way. 

The re-bar or no re-bar question reminds me of a typical bureaucratic,hassle over the 
recent building of adobe homes in jWw Mexico pueblos. When the government engineers 
finally approved adobe for Indian housing (the all-adobe Taos pueblo has only been stand¬ 
ing for a millennium or so), they stipulated that re-bar be inserted in-the vertical walls every 
several feet. A Santa Clara Pueblo j/riend of mine said. “Isn't that going to frustrate the 
archeologists a thousand years from now? They’ll wonder what all the little red holes are 
doing in the .middle of those mud walls.” It's probably true that the adobe walls’will be 

-i 

standing when the steel re-bar has rusted out. Suit yourself about the use of reinforcing bar. 

It’s a good idea to bring the foundation above grade (3 or 4 inches). This automati¬ 
cally eliminates some drainage problems and is definitely necessary/if frame, adobe-or other 
water-soluble materials are going to be used to build the walls. / 



FIGURE 18 PHOTO BY KRISTEN MACKENZIE 

Old lumber can be used for the forms to restrain any concrete that is above grade. Most 
anything will do to secure them in place; large rocks, blocks, stakes, wire. Be sure the forms 
are the right distance'apart and well braced so, they don’t spre'ad with the weight of the 
concrete (see pJtolo.above). Anyone who has worked with concrete cair’testify to its weight. 






~ /• • ' 
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Qnce you’ve had the terrifying experience of seeing a large mass of wet concrete start 
moving toward you, you’ll always over-brace forms and wire the braces together 

On the inside of the forms, mark a level line for the top of the foundation. A chalk 
line works well for this. Make the line about 3” above the actual level to which you are 
y going to build the foundation so that it doesn’t smear when the wet concrete, is being pour¬ 
ed. This line is a convenient guide for a level pour (Figure 19). Another way is to chalk, line 
the exact level and height, and drive nails halfway in along the line. This gives an accurate 
guide. • 



FIGURE 19 ’ 

The fast way to pour the foundation is to have the ready-mix concrete truck back 
/tip to the site and' dump it on you. But often the concrete companies won’t deliver in 
small quantities, or the site is impossible to reach. In that case you have the option of buy¬ 
ing premixed dry bags or making youTown mix from cement and sand: If mixing your 
own (much cheaper), a standard concrete recipe is five parts,sand and %” gravel (mixed 
equally) to two parts dry Portland, and water. 

This is a heavy job so line up a few friends. The entire fouildation should be poured 
at one time. You don’t want to have seams from two or more separate pourings. ^ 

So, yoifre ready to do it. Sand and gravel in place, Portland bags stacked, shovels in 
the ready position, wheelbarrow greased, beer iced down. Consistency is what you want 
in the mix. It should not have dry clumps or an overabundance of any ingredients. The 
mix should be wet without being runny. If you pull’a hoe through it, it should make nasty 
noises. When the mix is just right, it reacts like Jello when patted .with a trowel. Nice 

stuff. . / . . > 

Start at one end of the trench and work around. After a load, usually a full wheelbar¬ 
row, is dumped, spread the concrete along the trench. Push and work the mix down into 
the trench with a trowel. Don’t be gentle. You want to avoid holes or pockets in the 
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foundation. Keep adding loads of concrete until yq.u-ve pearly reached the level line or 
marker established as the top of the foundation. 

A§ you work around the trench, pat and smooth out the top of finished areas. After 
the cement begins to set up, insert an anchor bolt (scfew'thfgads exposed) for sections such 
as low door jambs that will be’framed above the foundation. With, a square make sure 
that these bolts are perpendicular ajrd in line with where the plate wilt be ancbthat you’ve 
left about 1 Vi inches extending above the poured foundation (see FigureTof. The plate, 
which we will, talk about in various contexts throughout this chapter, is not.something on 
‘which dinner is served. It is apiece of lumber, in this case a, 2x4. The foundation plate-pro- 
vides a base for the frame walls of your greenhouse. The top plates give vertical studs and 
roof rafters something to hang ©n to.. In general plates serve as weight supporting members 
of any frame structure. f 

Note: clean your tools immediately after use or they’ll never be the same. If for some 
reas'dfi'ytya’IiaVetdleayeTroadTirthe wheelbarrow or mixer for a short time, • pour a small 
amount of water on top of it and cover as tightly as possible. This also applies to mortar 
and "plaster mixes. ' 

After tl>e pouring is done, check to see if any areas have sunk, and make sure that 
the above-grade forms are secure. When the coircrete hits set up or hardened (usually within 
three or four hours), spray it with a light mist of water or cover with wet hay or straw. 
This prohibits rapid evaporation that m-ight/crack or weaken the foundation. Spray it every 
'fewliouts for the pext^day Or/two, (don’t bother‘at nighj). ,i ‘ ‘ 

, v .'^hea'the'^'oundatjon' ha$ a..feeling;of, permanence, (lie forms'can'be reipoved. Clean 
well and recycle-them in to;shdlveS v t^bleSj©r bed* frames, for-the gffeehhouse'iiVterfor. 

There is a Way ifo avoid laying a foundation undjr the frame portions. I’ll give it to 
you as an option. This method is common in large commercial greenhouse construction. 
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and might be useful if you are in a big hurry or plan a temporary structure. Level the 
ground where th^ frame walls will be. (Don’t dig a trench; just level the •earth.). Wood 
plates (I’ve used railroad ties) are laid directly on two inches of sand and staked in at 3 to 
4 foot intervals. The stakes can be metal or wood but should be at least 36” long. They 
can be screwed, nailed or bolted to the ground plate. The wood should be treated with, 
copper naphthertate as a preservative. Don’t use fresh creosote or pentachlorophenol (“'pen- 
ta”)", as these chemicals give off fumes that are noxious to plants. See Figure 20l 
. 'Whatever foundation method you choose, themost important considerations are: 

1) Is the weight evenly distributed? $ 

i ( 

2) Is the foundation level? -: 

3) Will .the water drain away from it? 

If these criteria are met, the-foundation will be functional. 


MASSIVE WALLS 

- Whe'n the concrete in the foundation has cured, you can 
masonry walls.- Different types of masonry construction call for diffeflffl^^intques. Let’s 
use hollow pumice blocks for our example. (Basically the same technique applies to build- 
‘ ing brick or adobe Walls, .except that.you can use mud for mortar in the latter case.) The 
standard si-ze'pumice block is 151/2” long X V/i” high x l [ /i" wide. (They also come in half 
blocks and about every other size and/shape imaginable.) For estimating the amount^eed-. 
ed, use the'dimensions 16” x 8” x 8” because of the added space to be filled by mortar. 
Before making your estimation, determine the exact size and location of any vents or 
doors in the walls. They must have a jamb of frame built around them, lnd» that lumber is 
usually one and a half inches wide/ Include twice that width (both sides)'in your calcula¬ 
tions. . W / . 

I like to avoid openings in'masonry .walls whenever possible. They involve, a preci¬ 
sion and degree of patience'that I often lack. It’s usually easier to locate'vents and doors 
in areas that will be frame. ' .' v * 

As the diagram in Figure 2 1 /following page) shows, the high vent is set in the eastern 
frame wall (“A”). The low southwest vent sits on the masonry wall (”B”). The lowest part 
of the'door is set in the east masonry >vall (“C”), the upper 4/5ths in a frame section-. W 
When the size of openings in masonry walls is determined, the estimate off the total 
«r number of blocks needed can,be made. Detennine the square footage of the walls and esti¬ 
mate One block per square foot plus 10% for cutting-For our example I’d buy 80 full 
blocks and 25 half blocks. - ‘ r ' 

However, if you’re having problems making the necessary calculationSiJ^moTrrberthat 

• - elderly; exper fenc ed-salesperson we mentioned earlier. Write.the^dhTTehsions of the walls 

(with doors and vents figured driXOir a pieoe'of paper and go to your local hardware store.j 
Odds are you will get all the help you need and Some good advice on the side. -. 


34 








% 






tr-'^y»V r 

/••*' t 
v 




S * ‘•■’va; 

lit 


FIGU RE 21 


You may want to order more than we’ve estimated. Masonry brocks look rather for¬ 
midable, but are acllmlty qiTTteH¥agi4e^m-l--egsiTy-bro ken unti 1 t h c-y 2 fe-H% - fch ^«wtHT~HnTrdlir 
and staekstiiem carefully. If you,do have leftovers, most reputable building supply stores 
will refund moTrayon items returned in good condition with a receipt. 

The mortar usefhiqlaying blocks is made with masonry cement and screened sapefr 
The standard ijiroportionsJ^M^'/i parts screened sand : 2 parts masonry : i part Portland. 
Mixing equipment is -the same as fourthe foundation. Small amounts'Sfre made as needed. 
A Large triangular trowel is used to spreatNJjg mortar. 

To lay a perfectly straight and level block wall, poles can be erected precisely at the 
outside edge of each corner of, the structure. Mar ks afrbM s qa de u p th e poles a t 8” vertical 
intervals. Poles and marks are checked against each other wftk^eavy'twine and a string 
level. They should all be at exactly the same level for each cours^Qjf blocks, and they 
indicate the s top of each layer. That’s the precise way to do it. 

# Another method is to simply begin laying the blocks, checking for level. pTttrab.. and 
straightness as you go. In an area as small as our 10 x 16’ example, this should be suffieiehfe; 
Lay the first .course of blocks all the way around. Check for square on the corners. Now, 





using the level, build up several courses of block at each cbrner. Stringus strung-be t we e rr 
"corners an.d straight ruiis laid down to the string. Checks for vertical can also be made with 
a carpenter’s level or plumb line. If vou’re new at this kind of -work don’t trust vmir rvp 
too much: 

Have you ever watched an experienced mason building a wall anxLseen-the beautiful / 
fluid movemjents he make^? A quick scoop of thMrowei^t rfgges'a glob o f mortar-on the/ 
edge. The mason Flicks,his wrist downward, a microscopic spasm, and-the mortar adheres 
to the blade in a flat, compressed mass. A long thin line of cement is spread along a four- 
foot edge of the existing wall in the next stroke. Another similar motion, backhanded, lays 
it on the-other edge of the wall. The third trowel of mortar is applied in fast choppy slaps 
to the center ridges.. The new block is picked up and hit with mortar on two vertical edges, 
and wham, in it goes. This takes about six seconds. Like a/in el y tuned human machine, 
the mason progresses along the wall with the speed, economy of movement and accuracy’ 
found in downhi 11 racers and basketball centers. The only tlung'that slows down a pro like 
this are scaffold movers and unions. 

""Don’t expect to match this degree of skill. Try to put a uniform thickness of mortar 
(3/8 to 1/2 inch) on all seams. Any way you,can get it to stick to the blocks is cricket. 
Try putting a small amount .op the trowel and scraping it off with that downward and out¬ 
ward motion. If you can’t get the knack of this,\ put a larger amount on the trowel and 
shake it over the edges. I resort to my hands occasionally. “Se^t” (firmly tap down) the 
block with the handle of the trowel. It should be\evenly supported by mortar and level 

v a ^ ,, * \ 

when its in place. See thati^he seams are staggered,\not one directly over another. 

A method used to “tie-in” a new masonry wall to an existing structure is to bend a 
small (8 x 10”) piece of metal lath to form a 90°ai)gle and fit this between the new wall 
and the home wall. Tack the lath securely to both wal^s. Lay the mortar and firmly seat the 
next course on -top- of-the-lath, pushing-the block tightly to the existing wall. This shoufd. 
be done three or four times in a wall as tall as the one in our example, the 8’ west wall; 

When the block walls are up to their final height, fill all center holes in the blocTks 

4 _ ft 

with concrete (the same mixture.you used for pouring the foundation). This*strengthens 
the walls and adds mass, heat storage capability , to the structure. Before the concrete dries, 
insert anchor bolts where the framing plates will be'applied to the top and-sides of the walls 
(see Figure 20). ° k . 

When all t-he masonry walls are up, relatively straight, level and plumb, it’s a good time 
to have a celebration. You can finally see and-feel the results of your br-ain and muscle 
work. The hardest nart is nver-Fninv itl 




FRAME WALLS (CLEAR AND OPAQUE) 

As stated earlier, a frame wall does not .have any appreciable mass; therefore it "cannot 
store heat for a structure. However, .when properly insulated, it will keep the heat in and it 
is often justified if other heat storage is planned. In the diagram in Figure 23, page 39, we 
show frame Avails for purposes of illustration. 

The diagram also indicates that the vertical framing members (studs) in the dear-wall 
sections are erected at 47 inch intervals (measured in what’s called centers. Centers are deter-. 

. milled by measuring from one edge to the next edge on* the same' side.) The fiberglass that 
we recommend comes in 48” widths. The 47” center allows for overlapping the panels. 
Studs in the solid frame wall are on 24” centers, as are the roof rafters. All corner studs 
and upper plates are double-width for added-stj^n-gth. A’-scale drawing of your.greenhouse 
using this type of specifications will help you estimate how many 2x4’s of various lengths 
will be needed for the rough framing. Add the. total linear footage of doors, vents and hori¬ 
zontal nailers (firestops) to tjie estimate. Add anpther 20%. We’ve supplied a list for this 
10 x 16 foot unit at the end of the chapter. - \ : • 

You’ll save money by having as few leftover scraps as possible. This i,s accomplished 
by making'all principal framing members slightly shorter than an even number. Hence, if 
- the stud in'the south wall is 7’ 10” high,‘it can be cut-tTpin an 8.’piece. On the.other hand, 
if the stud is 8’ 1” high, a 10’ 2x4 usually nivfst be purchased, and you’re left with a 23” 
scrap. At Current lumber prices, that’s sinful. I n your scale diagram, make the lengths come 
out economically. Do this by slightly changing angles and dimensions in the drawing until 
iOworks: It you just can’t make it come out right, then plan to use the scrap lumber for 
tables, shelves, boxes, bed frames or other things. A 23” scrap, for instance, could be used 
for a firestop in the sheathed (solid frame) wall. ~ 

It’s important to get a proper dollar value for your lumber. As with most things in 
life, you do this by choosing it yourself/ Service personnel in the lumber yard are usually 
happy to let you choose anddoad your orc\er. Occasionally it will be “company policy” 
not_to_lei_the customer'look through the stock. Don’t do business with a company like 
that. 

Hold up each stud and look down the entire length tor straightness. It should not 

be warped, twisted or badly bent/A slight curve is to be-e-xpecteeMt is called the “crown.”. 

*11 you are holding the stud oh-its edge, y^u can easily see the crown. The crown is not to 
be confused with a bow in the broadside bit the lumber which, if it’s slight, can be taken ' 
out in installation. In construction, the crovyns should all face the same way on the walls 
and. should always be arch-up on the roof. y • 

Next, check the stud for clcarncss.-Does it have, a n unusual number of knots? Reject 
it. Does it have heavy “pitch” or.“sap” areas? Reject it. Soundness can be tested by 
tapping it against a solid object; The stud should sound firm and full, not tinny or dead. 
When making all £hese tests, carefully pJaCe the rejects back on the pile or the yard 
people will never let you do it again. Lately, I get about a bne-out-of-five/acceptable ratio 
(that should-give some_jdea of how much lumber you’re moving around). Stud lumber,- 
No. 2 common grade, won’t be perfect,, but get it as straight, clear? and dry as you can. 





A fix’j - all this trouble in selecting the lumber, be sure to stack it flat and keep it dry 
vou set it home. 
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PHOTO BY KRISTEN MACKENZIE 


Let’s begin by framing up thesfront face, first. you have the opt ion of framing the 
wall in place or building it "prefab” on the ground (see I igure 22. above). This decision 
is ihoslly a matter of personal preference. We're going to prefab the front face in our ex¬ 
ample.-and frame the side walls in place. 

In the diagram on .the following page, f igure 2d. the length of the roof and founda¬ 
tion plates (top and bottom framing ’members) is exactly 1 b' (No. I ). The top plate should 
be double to prevent bowing under the'weight of the root". So the first step is- to nail 
the two 2x4's together with lb-penny nails. Place the 2x4’s flush and drive the nails in at 
an angle so that they don’t protrude from the wood. 

.Lav the plates (bottom and top) on the ground and mark them where the vertical 
studs (47'^ centers) will be attached. Corners should be double-width (No. 2): use 4x4's 
or sandwich t\vo 2x4's together with 3/S” plywood or wood lath in between to bring the 
dimensions to 4” x 4'V T 

The next step is to cut the lumber to the appropriate length. In our example, we have 
seven studs cut to 7' 7 1 :”. .With the plates, this makes an S' high front face. 

Now if the south wall is to be vertical, the cuts are square on each end of the studs. 
In our example, we have tilted the front face twenty degrees to make a seventy degree slope. 
(With any tiltedsouth face, the bottom angle to the foundation plate will be the difference 




between the south face angle and ninety degrees.) All we need to do here is mark off twenty 
degrees from a ninety-degree cut. Make the top cut parallel-to-the bottom so that you have 
a*horizontal surface for the top plate. When the studs are cut, nail them at the marks to 
the top and bottom plates with 16-penny nails. Note: always buy high quality nails. 



FIGURE 23 * 

The south panel can now be lifted into place on the low" front wall. This will take 
several folks working in unison. In order to precisely mark the junctions of .the anchor 
bolts in the lo\v wall with the bottom plate, gently lower the prefab frame structure into 
its permanent position. While several people hold the framework in place, one particularly 
aggressive type can pound on theplate with a hammer directly oyer the protruding anchor 
bolts to mark their position. Take the face off again and drill holes at ,the indicated marks. 
The front face can then be installed" on tile wall^temporarily braced and bolted down. 

At this point put up a few rafters (N o . 2 ) for braces, the ones on the corners and a 
couple-of others.-(A-ls©- r -see-f igure 24 on following.page.).Nail them'down to the top 
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plate of the front face and to the plate or rafters on the house side ( 
structions). This will give the structure stability and give you a chan 
of the greenhouse/When you have finished attaching a few rafters, take 
and admire your work. 
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The next step is to cut and place the lower plates on the east and west walls (No 3, 

. Figure 23). Bolt the plates down, To connect the frame walls of the greenhouse to tlje 
home, a stud is securely “tied-in” ;to the home wall. It should fit snugly from the bottom 

I • _.. A 

plate to directly under the rafter plate (No. 4), ‘ 

You now have a funny shaped “box”; that is, the perimeter of the east and west walls to 
fill in with framirig lumber. We’re going to divide that box with a plate tha? will also serve as 
a “header” for the* lower frame walls (No. .5). On the east side the plate can also be the top 
of tlil? door frame. Hold a piece of lumber level across the span and mark its intersection 
witb-The front face. On the west, it’sits on the massive wall for the majority of the span. 
When the pieces are cut, nail them into place. 

The east and west walls can now be framed in place. Remember, the clear sections 
will have 47” centers. The insulated walls will be framed on 24” centers (No. 6). The easi- 
V est way to do this is to mark the bottom plate at the intervals where the upright studs are 
to be nailed. Take a carpenter’s level and hold it against the side of the first, stud. Keep the 
base of the lumber on the bottom mark and get the stud exactly nlnmb. Thp.n mark thp 

~T" """ *1 - - "" > •*; 

point of intersection of the.stud with the header on both the stud and the plate. Cut the 

stud about 1/16” longer thaii the mark you’ve made. " - ...x .__ 

i All frame walls can be ^constructed in this way. It’s easy and it’s fast. Toenail (drive 
hails in at an angle) the studs jin as yffu go. When the studs are cut, fitted, and nailed,in¬ 
stall horizontal spacers (No. l)j and the vent and door plates (No. 8). Make certain thev’re 
level, and nail them in with 16-penny nails. 


ROOF RAFTERS 


j With luck, you will 0 be able to tie the roof rafters of the greenhohse into the existing 
rafters of your home. If not, attach a 2x6” or 2x8” plate to the wall of the house as a base 
for the rafters (No. 9). Expansion bolts or large wood screws are used to get a secure tie-in 
-to the wall. Don’t scrimp here. The greenhouse roof must bear its own weight "pins, in many 
are'as'Of the country, snowloads’ahe/ the additional loads of snow sliding off the roof of' 
your house. . x , ’ > . 

The rafters fora short span (under 10 feet) can be 2x4’s or 2x6’s set on 24” centers. 
For longer spans use heavier lumber or put the rafters on closer centers, 

| Shallow notches are cut in the.hvall plate or joist hangers can be used instead. The 
rafters are toenailed to it at these points. At the intersection of the rafters and the south 
face topplate-, -very shallow, notches (called “bird’^noiLUE’jiotthes) are cut in the bottom 
of the rafters so that they will rest snugly on the plate. Again, toenail them in. 

I .< . \ . i 

Putting up the rafters (.and the roof) can force a person into some pretty strange aero- 
baticrcontortions. 1 would haution you that eight to nine feet up in the air is higher than 

' * ; \ — “i . 

you might hnagine, especially from an aerial view. A body can be broken at. the end of a 
free-fall from that height. Also, gat in the habit o ryot leaving any tools or materials lying 
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FI GU R E 25 


framing lumbepthat will be visible within.the clear walls and ceiling areas should be paintec 
with a glossy’ white enamel or latex (see Figure 25). This will help reflect light into tin 
greenhouse and also enhance its appearance. 


42 


r 







CHOOSING THE CLEAR GLAZING 


' Traditionally, glass has been used for the clear surfaces in greenhouses. Due to its resis¬ 
tance to high temperaturS-s, glass is also used extensively for covering solar collectors. 
Prefabricated sheets ot double-layered glass are availably from major manufacturers and 
•may beV, purchased in various sizes. Many types of sliding glass defers are also double 


glazed "and can be used in the greenhouse. The obvious advantages of glass are thjjt if allows 
a view to the outside and is highly resistant to the hanrifuj 1 effects of weathering.' It is, 
however, easily broken and demands extreme care and technical skill in installation. 

Technological ‘advances in the de¬ 
sign and manufacture'of plastics have pro¬ 
duced important alternatives for the 
greenhduse builder. Sprite types of semi¬ 
rigid fiberglass/acrylic sheeting’are guaran- 
tced for 20 ycars.to transmit enough light 
for photosynthesis. However/fiberglass 


can become cloudy or. brown 


as a result 



of ultraviolet ray damage (“blossoming”)? 

Tedlar coating, for instance, has an ultra¬ 
violet retarding characteristic that helps 
greatly to preserve the clarity of the plas¬ 
tic to which it is applied. 

_ “Fiberglass transmits nearly the same 
amount of light as glass, even though" 
it’s translucent rather than clear -{see 
Figure 26). Corrugated plastic is rec¬ 
ommended for clear roof areas; it is easi- 
^ ■* 
ly installed and resistant to hail damage. 

Flat fiberglass is.readily attached to dear- 
wall frames with ridyher-gaSketed nails or 
lath strips. I recommend the use of flat 

fiberglass on all vertical and/near vertical f.gure 26 photo by K r<sten Mackenzie 

surfaces. Flat material has a 20% smaller surface area than corrugated;, therefore far less" 
area for heat loss. The quality ol light transmitted through fiberglass is diffuse. It doesn’t 
give the sharp, clearly defined shadow areas ol glass. This is beneficial to pljant growth. The 
cost per square foot of new fiberglass is considerably less than the cost of new glass; , 

• T|er e is an ecological question concerning the use of plastics in |ejneral. Plastic is a 
petrochemical product and is not biodegradable. The,supply of petrochemicals is dwindling 
^rapidly, and the atmosphere is becoming polluted by petrochemical wastes. Nondegradable 
products also constitute a form of pollution on the earth. 1 

1 feel that our only hope for maintaining an ecological balance on the earth depends 
on a thoughtful, positive use of modern technology and its products. I believe that/employ¬ 
ing fiberglass and plastics in your greenhouse constitutes such a use. Many people are con- ‘ 
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vinced that solar energy is the obvious fuel of the\future. Further experimentation will lead 
to advances in the efficiency of solar collection^ storage and transmission, ft improbable] 
that plastic prodiicts will become essential to the production of solar energy components; 

I suggest, therefore, that the intelligent and careful use of plastics in the gfeenhouse will 
serve as a valuable example of how to put our fossil fuels to beneficial us^'..before they are 
exhausted. .„./ 


CLEAR WALLS 

Having,built and painted the frame walls, you are rtow ready to install the .outer layer 
pf fiberglass. Most bf the products (Lascolite and Filo.n, for example, 'brands we’ve used and 
can recommend highly) are sold in 4 foot wide rolls/'up to 50 feet long. For this reason, 
we suggest that you install one 4 foot panel at a time-. Beginning at one end of the frame 
wall, measure the height of the sectiorijcarefully. After measuring and marking the material 
with a felt-tipped pen or ra^of knife, cut the section with sharp wire-cutting shears. Apply 
an even bead of sealant, silicone or butyl rubber to the wood frame you are going to cover. 
With two or three people holding the edges of the plastic* align it Ah front of the frame, ft/ 
is luindy to make corresponding marks on the fiberglass and the wood frame to aid in align¬ 
ment. Nail the top edge to the upper fram^member in the center. Use a gasketed nail; do 
not nail it in completely. (/heck to see that- the sides and bottom will fit properly. Nail the 
outside edge in the center (again, halfway in). Pulling slightly on the remaining two edge's 
(bottom and insidg^, nail'themytemporarily in the centers of the frame. You can use flat- 
headed 1” nails for\ the inside or leading edge or simply lay it on with no nails. The next 
section of plastic will overlay it and ..must fig snugly. The rubber-gasketed nail heads pro¬ 
trude about 1/8” from the wood and.would cause bumps in the overlaid plastic. Nail the 
material down to tlife horizontal braces first. Then pulling diagonally-.on the four corners 
of the sheelt,- put-hTYiaTlsapprox imately 8 ihche s_a mrt and anglc-thcm ~out to pufFtension 
"oinhe sheet.-Work tlv? bulges out of the plastic .from the center to the corners (see Figure 
27 on next frage). If a major bulge has developed, try to detect it early; remove the tempor¬ 
ary nails and realigh the sheet. ' ■ . , ‘ .‘ ., 

Ther e are tw o very expensive items used in this method; silicone sealant and gasketed 
aluminum nails/Lately I’ve used a cheaper method that I believe’ is just as effective. Check 
and mount as before. Don’t use any silic on e sealant. Getsmal) galvanized nails and drive 
them into- the- fiberglass -about every six inches. After all panels are up, pover edges 5 and 

overlaps with thin (14” x IV 2 ”) wood lath. If there are any bulges or leaks, they can be sealed 
with regular caulk. •/ # 

After cutting the secdhd pan-el, lay another bead ot adhesive over the leading edge and 
the top and 'bottom. Proceed as above, ^overlapping the second panel by 1 inch on the 
'edge previously flat-nailecil/Use riatfs to attach the overlapping section. Follow the-steps 
given for the first panel ajgain-a8f]i g-.l” fla t-headed nails in the leading edge to be overlaid 
by the next panel. For vents and removeable panels, install the fiberglass on the ground. 
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FIGURE 27 PHOTO BY KRISTEN MACKENZIE 


The irrounlar shapedptmels ill the corners of the east and west wall are sized In cutting 
a rectangular piece to fit t'lie length of the fra me.. Hold the piece up to the panel and mark 
the shape with a chalk line. Save t lies scraps lor other irregular shapes and/vents. 


ROOF rNSTAtLAT'IOrr 


Spanners (No. 7 in Figure i\o, co. page oo) nke those used .between the vertical wall 
studs will be nailed between^ the roof rafters to receive the corrugated plastic and solid roof- 
ingmaterial. Be sure to toenail-in a straight row of these spanners along the line separating 
it he clear from the solid roof (Figure 2S. page 4b). In all other roof areas, the spanhets can 

\ ' ", a 

be staggered for ease of nailing (Figure 2b. page 4b). They should be spaced up and down 
the rafters at three to four foot intervals. ' *■ 

You are now ready to install the corrugated clear roofing. One sheet of corrugated .is 
held in place at a corner. Align it carefully along the bot tom aiuT side edges. The roof can 
oyerhang the side two corrugations and the bottom about 6” unsupported. del it "true,” 
thfit is', perfectly in line, with the rafters ami plates. Arnold of line First piece will throw the 
roof whacky. When you’ve got it right, tack it down temporarily at the top. On the bot- 
















■ X. ' ' , ' * * * 

tom plate, under the fiberglass,.'insert 3" corrugated sealing strip. I recommend the foam 
type, but redwood or rubber will do fine. * • • " 

r Now nail down the fiberglass every 3 to'4 corrugations with gasketed nails to the 
bottom plate and rafters. Nailjnto the high ridge rather,than, the valley. This will prevent 
water "seepage through the nail hole'. Overlap the sheets at least ..dnC and, if possible, 
two corrugations and continue across the"clear’area..in this manner. Dorft nail the tbp edge 
(to. be overlapped by the opaque roof) yet. The only rfeal trick to nailjng into fiberglasses to 
, have a steady hand and a good eye. A missed hammer blow cap splinted the material, leaving 
an ugly opaque mark (to say nothing,of the damage to your thumb). 1 

The solid roof is installed next.If plywood and composition roofing-material is to be 
used, lay a strip of corrugated molding a cross;-the top edge of the clear/solid roof junction./ 
uhjail the plywood sheets ootQdhe rafters, overlapping the foam strip and the clear'roof area 
by 3 to 4. inches. The foam molding above tile corrugated plastic will credte d tight^-sep/l 
against heat loss. You can now apply your composition shingles or other roofing matfqaT 
over the plywood, . ^ \ .. 

Vents in the roof are nol recommended for any but-the most experienced builder. It 
is extremely difficult to seal them against air and water ljeakslTf you have the knowledge, 
build a/ “boat hatch” type Vent of lx4’s that extends about 2” above, fire roof. Fit; thejvent 
Jhat it lays Hush on the 1x4 box.. ~ -' . ' ' ---■*■, 

IrHStew^exico'a. 4 common' roofing jpaterial-is ■corrugated galvanized steel. It Is rela¬ 
tively cheap, easilylrrstaUedan^maintenarmefree..If you use metal, no ply-woeddsm.eeded,. 
Simply align the corrugatio)qs^tThe-galy£ni^ed with those of the plastic (they,, match), and 
nail it down to the rafters anaspdhneVs. AgaBT^I^^e-solidmof should overlap the clear areas-. 
For nailing) hold lead-headed roofing nails with a pair of plters-oveiLthe^desighated spot 
(On a ridge and over ajrafter or spanner) and strike solidly with a hammer.'WeaFeye~pr-©-- 

tprtirm ■) 


THE INTERIOR PLASTIC 

G ’ ' ' • ..... 

■' ..Six-millimeter polyethylene (with an ultraviolet inhibitor) is suggested ford-he interred 
^clear. walls and ropf are"as. It is susceptible to vyedthferingibut will"be p&tected by theTU^er- 
glass outside^ayer^iT-should'last- thfc$£to five years before living to bdfeplaced. I’ve'usect 
both Monsanto 602-and Tedlar. ■*' > ' \ _ - Vv - v 

The- thin plastic js- mare'easily installed than the outside fiber acrylic) Large sections 
of clear area can be covered at once. Using scissors or a razor knife, put'dutjfhe sections to 
be attached. Jdake your cuts at least 3 inches longerjhan- measured,-With three or four 
hei'persjiolding the extremities of the sjieet, begin stapling aloftg the cerjterraiost stud. Work 
outWard toward the sides and corners, stretching the sheet as staples am driven 8 to. 10 
inches apart. Wood lath (!4 ,? x 1 Id”)is nailed over the plastic-sheeted studs with finishing 
nail's to produce the final Wah You can stain or paint the stripping to make)it more attrac¬ 
tive. 
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INSULATING FRAME WALLS 


Solid frame walls can be Insulated with a wide variety of materials. Rockwool fiber 
glas, styrofoam, polyurethane, pumice and cork are all excellent. Foil-backed insulatior 
stops a lot of radiant heat loss through the walls and acts as a vapor barrier, but it can be 
prohibitively expensive. If you do use it, install it with the foil Sacking facing the ipterioi 
of the greenhouse. Recently I’ve been stapling heavy duty,tin .foil on the interior side ol 

fiberglas batt. That’s cheap and effective. „ _ j ■ : '"p 

:• * The amount of insulation applied should be as much or more than is used M the 
walls and roof of a well-built home, in your_are#ln New L Me.xico, 1 usually use at least 4 
inches of fiberglas batt in the walls and 6 inches-in the roof. Fiberglas is-easily applied 
with a staple gun or-Laeje hamm^fc, 1 Salespeople at the local hardware st8re can help you 
choose the right amount and typu of insulation. \ 

• Always wear a long-slepved shirt, gloves and button your collar when installing fiber¬ 
glas'insulation. Wear safety glasses for rafter work, especially if you have sensitive* eves, 
and try not to breathe too much. 


INTERlbR,PANELING 


Insulated frame walls can be paneled with any material that you find attractive. Ma¬ 


sonite,-plywood, sheetrock and rough or finished lumber are widely used. Pane.|ing ma¬ 
terials. call for various adhering technique^, Wood products are usually simply nailed with 
finishing nails. Some paneling can be glued with construction adhesives. When using large 
panels, measure carefully before cutting. Ifjyou’re careful, you can save odd-shaped scraps 
foij other areas and keep waste to a minimum. Occasionally you may have to /nail in s 
“scab;” a scrap of 2x4, t o the -stud walls in order to give a nailing surface for the paneling. 
If corners' don’t “flush out” perfecHy7^^l J A^rrv. That’-* what Cnh ms rip pnrnpt loth 
for. , 

\ As the insulated wall will not st’o.re heat, the inside/should be a light color to produce 
a reflective surface,-Water-sealing will help tq-protect the interior aeainst deterioration 
due to high humidity. 


DOORS AND VENTS 

Doors and vents must be^tight fitting and weather-stripped around all joining.sur¬ 
faces. If you are using fiberglass, jtouunay choose/to use glass for the vents and/or doors. 
Clear, views to the outside can: offer attractive accents to opaque and translucent walls. 
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When glass is used, it should be double glazed to reduce heat loss. If possible, windows and 
doors should slide or hinge away from- the greenhouse interior. Hinges are.mounted on top 
of vents to open out. Remember, the high vent that ydtrput in-one,wall (east or west, de- 
pending on the direction of the prevailing winds—should be on the downv^nd side of-the 


prevailing air flow) needs to be about .one third larger-in -sq : uare_footage than the low vent 

in the facing wall. - s '’ .i 

In determining the dimensions for an outside door, remember thjit you will be moving 


large quantities of soil infertile greeiThouse^J^j^ejth^door wide enough to accommodate 
>a wheelbarrow (plu^your knuckles). Thirty-two inches is good. It ijk also advisable to make 

---* V * - 

the height of the door a standard measurement for convenient access. In very cold climates 
an air look^over the exterior door will’save. large losses (see Herb~Shop, page 87). * • 


EXTERIOR PANELING AND INSULATING 

^ All massive walls should be insulated on the outside. An effective insulating material 

for this is styrofoam or styrene panels (1 or 2”). They can be stuck to the walls with a 

heavy duty construction adhesive. Use it liberally. If the wall is to be plastered, cover the 

styrofoam with tar ..paper. Then use firring nails and chicken wire .over that. The wall can 

now be plastered with a hard coat (5 parts sand : 3 parts Portland : 1 part lime). r . 

Exterior covering of tire frame walls can be any material that suits your-aesthetic and 

w ^ ■ " ... 

economic criteria. I’ve used old lumber, plywood, Celotex (exterior fiber sheathing) and 

metal siding. The most important thing is to make sure there are no leaks that allow water 

into the frame walls. Remember-higher panels overlap lower ones for waterproofing. Caulk 

anything that looks suspicious.. 


SEALING THE GREENHOUSE 

If there is one-most critical factor in the construction of your solar greenhouse,‘it is 
that alljjoining'surfaces fit tightly together. Tightness is, in. fact, one of the highest goals 
-which you can attain, both as dssigner-builder and proud owner. The primary reason to 
/ strive for tightness is to reduce* air leaks. But another important reason is to produce an 

attractive environment thaT'reflects the care and thoughtful work that ®ent into the de- 

\ * 

sign and construction. ' _ ' . 

During each phase of building, ask yourself where heat loss is likely to occur. Wher¬ 
ever large surfaces are joined (such as the foundation plate .to.the foundation), a layer of 
fiberglas or foam insolation will help solve tfTe^roblem. Sealants such as silicone and caulk¬ 
ing materials (wood filler, spackling compound) should bemused on any crack or opening 
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that could transmit air through the structure. For larger openings, such as might occur at 
the house/greenhouse junction, use metal lath and-plaster to build.air-tight walls (insulate 
between tdtbm). As we mentioned earlier, vent^and doors must be completely weather- 
tight. The importance of sealing and ^nsulatipn cannbt be overemphasized, as it can make 
the difference between the success-or failure of vour greenhouse; 

THERE YOU ARE! YOU DID IT! CONGRATULATIONS! 


TOOLS NEEDED 

Shovels (pointed and flat) 

Hammers 
Saws (hand) or 
Saws (electric) 

Drill and bits 
Hoe 

Trowels (triangular and plaster) 

Hatchet 

Level 

Tape measure 

Squares (tri and carpenter’s)';. 

String 

Draw knife 

Staple gun 

Saw horses 

Paint brushes (3 inch and U /2 inch) 
Wheelbarrow 

Rasp,__ . 

Plane 

Tin snips (large) 

Caulk gun c 
Chalk line 

Roller and pan 

& 

Water buckets or hose and nozzle 
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MATERIALS LIST FOR 10’ x 16’ ATTACHED SOLAR GREENHOUSE 


1 bag masonry 

5 bags Portland 

* 

1 yard sand 

1 yard %” aggregate 

2 yards dry pumice or pea gravel 
80 full pumice blocks 

25 half pumice blocks 
8 6 ” anchor bolts 
7 2’ rebar 
30 I 8 ’ 2x4’s 

3 10’2x4’s 
2 16’2x4V 
2 8 ’ lx4’s 

2 10’ 1 x4’s 

40’ 1 x 12 (for floor beds and 
shelving) • c' ' 1 

400’ wood lattice moulding (for trim 

. . 

. and tables) 

Vi lb. concrete nails 

300 - 400 aluminum nails or* 

3 lbs. small galvanized nails 
10 lbs. No. 16 common nails 

5 lbs. No. 8 ,common nails 

2 lbs. No. 8 finishing nails 
1 lb.; small finishing nails 

3 lbs. blue she r etrbck nails (for sheetroqki 

6 sets hooks ajid eyes—. 

1. set 3 V 2 ” of 4” butt hinges (for door) 
^§ets- 2 ;hu t t~hingesff or-vents^— “ 


7 2x4 joist hangers 

2 4x4 joist hangers 

3 pulls 

8 corner braces (to reinforce door and 
■ larger vent) 

2 2’x8’x2” styrofoam panels 
150 sq. ft. of 4” or 6” fiberglas insulation 
24” wide / 

2 pae.kag RR_3/_8.” foam str-ip-{ we-ather- 
stripping * !f 

32’ corrugated stripping (foam or redwood 

4 pieces l A" or 3/8” sheetrock 

2 _pieces %” Celotex orequivaleht exterior 
• sheathing or paneling, i.e., 64 sq. ft. 

rough lumber _ 

4 pieces 8’ corrugated roofing material 
2 tubes silicone caulk—clear ■ 

1 tube regular caulk , .> 

1 gallon good quality white latex paint 
1 gallon good quality dark color latex / 

1 pint dark stain (for lattice moulding) 

200 sq. ft.' flat fiberglass/acrylic (greenhouse 
quality) / 

70 sq. ft. corrugated fiberglais/acrylic 
(greenhouse quality) / 

250 sq. ft. polyethylene (greenhouse 
quality) ./ 

' 6 55 gallon dnuns with/tops (water tight) 

-- and/or a number of smaller Water tight 
containers 
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CHAPTER V Performance and Improvements 

THE BASIC UNIT 


The attached solar-greenhouse we 

't 

great deal without supplemental heat or f] 
the'extended growing season in such a u 


have described will extend your growing season a 
'iirther modifications. The following ^raph 1 reflects 
kit over a year’s period. 


Approximate Length of Harvest—Assorted Plants 
-• Solar Attached Greenhouse/Outdoor Garden 
Rocky Mountains 6p00-7000’ (1,824-2,128 m) 



Plant 


Gain in Months 



There’s an easy way to estimate expected temperatures in your region. Most local 
weather stations maintain charts of average temperature ranges, sunlight days, rainfall and 
so forth for their areas. Get the information. Figufe that the passive attached greenhouse 
’with the recommenced storage will average about twenty to thirty degrees-higher than the 
outside temperatures. This is a ballpark figure, without guarantee; we can’t contrpl how 
tightly you seal your unit, how much insolation you use, or even which way you point the 
thing. But this is a fair estimation of its! potential if you have followed the design, build¬ 
ing and operation instructions carefully. 
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It’sa’good idea to test the performance of your basic passive structure throughout one 
year’s operation. Chart the! highs and lows (indoor and outdoor); record planting, germina¬ 
tions and harvest times. These data will help you determine "whether improvements and 
modifications are needed. >. ‘ \ . . • 

I should mention here that many people prefer not to shoot f6^ year-round greenhouse 
operation. Besides giving yourself a break frdfci. full time upkeep of the unit, a dormant peri¬ 
od offers other advantages. The bedding soil can be composted, fertilized and given a rest. ■ 
You cari al$£ get ba v sic maintenance on the unit 'done during this time, and plan for the next 
"growing season. If you have had a major insect disaster in the fall/early winter cycle' the 
rest period can be a good time to treeze the little parasites out of existence (open doors 
and Vents to the outside). On sunny winter'days you can still tap all greenhouse heat for 
home use, then cut it off at night. ; . # 

• The most common reason for shutting down during the four to six coldest weeks of 
the winter is an economic one. The amount of produce that you harvest during this time 
'*may not justify ..the cost of production,, either in terms of conventional supplementary heat- * 
ing or the cost of an active solar heating system. ~ * 

If your goal is year-round production, or if performance iniprovements are definitely 

called for (your greenhouse freezes in July), you have three alternatives: 

-• •! . 

1 ) Improve collection and heat storage, . 

2) Decrease heat loss/increase insulation, 

3) Employ conventional supplementary heating Qr open the door to 

your home. ' „ . ' 

We like the first two approaches, as they can be employed without tapping-convention- 
al power sources. In some cases a limited amount of electricity can .be justified, but much 
less is use.d_than in conventional heating. Solar researchers have pursued two basic direc- > 
tions in improving performance. They are passive and c&tive systems: 4 

Passive systems emphasize the most effective relationship between Collecting surfaces, 
potential storage mass within the structure,.and the unit’s insulative <|haracteristics. In a 
“pure”..passive mode there is no machinery'inaking*the whole system go. The home or 

greenhouse-is-the collect©r, insulator and- heaT-storer;---—- 7 -- ~ ’ . 7 J _ 

In a recent paper published by the United States Energy Research and Development 
Administration, J. Douglas Balcomb,and James C. Hedstrom of Los Alamos, New Mexico, 
clearly state the importance of passive sblar energy utilization. In their words: 

' * i . . 

Preliminary findings presented in tliis paper indicate that it is reason¬ 
able to expect comparable solar heating performance for a passive sol¬ 
ar building as for an active ^plar heating system for theisame collec¬ 
tion area. This is a robust result. The implications to thp future de¬ 
velopment of solar energy for’heating buildings could be profound... 

A number of examples of passive Ildar heating concepts have been 
built into structures dnd received^ide§pread attention. Most use ex¬ 
tensive south exposure glass to adrri.it lowi-angle winter sunshine to the 







building, and extensive use of mass heat capacity inside the thermal 
envelope of the building to store heat energy. Despite the publicity 
given to these projects and their apparent success in saving energy, they 
haven’t been widely adopted. 


- We feel that a great deal of emphasis should be placed on the design of passive systems. 
For this reason we suggest that you make all possible passive improvements before ventur¬ 
ing into an active solar system. f 


INCREASING COLLECTION 0 

• a m 

•V ; 

It’s conceivable, for*-instance, that you haven’t provided enough collecting (clear) 
walls for your particular conditions. Yqu may discover that the clear roof area,needs ex¬ 
panding to allow the sun to hit well up in the back wall during December. Or you might 
have an east-facing frame wall that could collect enough morning sun to justify its being 
completely clear. It’s not too big a job to convert all or part of such an insulated frame wall 
to double glazed plastic. Just remove the inner and outer paneling and insulation, paint the 
studs white, then stretch your coverings as described in Chapter IV. 








Another way to increase collection is to bounce or reflect more light into the unit. 
A reflective panel hinged off of the bottom of the front face can also act as an insulating 
cover (see Figure 30). Hinging reflectors.off the sides or roof can also increase collection, 
but the damage that could be done by high winds should be considered. A reflector can 
increase available light to a collector surface by 40 to 50%. Alsopdon’t underestimate th’e 





FIGURE 3 l 


value of snow'- as a reflector. If you live 
in an area which experiences full winter 

snow.cover, don’t shovel it a-way from the 

south of the greenhouse. Leave it there 
and throw on clean snow when it gets 
dirty. 

A third way to raise ambient air tem¬ 
peratures through controlled collection is 
to employ a Venetian blind device. The 
Tucson'Environmental Research Labora¬ 
tory is experimenting with such a blind; 
it hangs Between glazings in a window or 
in front of a Trombe or clear wall, creat¬ 
ing convection currents of heated air with¬ 
in the unit (Figure 3l). It is painted black. 
If the blind is partially or completely clos¬ 
ed, its surface acts as a heat absorber, open 
^it allows you to look through it. Because 
of its convective function, the Tucson re¬ 
searchers believe that on "a cloudy day 
(diffuse radiation) the partially closed 
blind raises air temperatures more than 
direct transmission. (See Franta, page 103 
Chapter VHT: 


Simple Venetian blinds hung beneath the interior glazing of the clear roof o?a,green¬ 
house, painted black on one side and silver on the other, do several things. They raise the 
air temperatures before the air'enters the home. This speeds the convection, pattern and 
provides better circulation. The silver bottom would stop some radiation loss through the 
dear roof at night. In warm months, the silver side is turned up tor an infinite number ot 
shade settings. - . > 

Another way to raise ambient temperatures is to install a conventionahflat plate col- 

a • 

lector below the level ot the greenhouse, or in a low sectio|i„Qf a clear wall. It there is 
adequate space for air passage between the two, a convective locjp will establish itselt (see 

Figure 96, page 1,32). A 

A more intricate passive way to raise- temperatures is seen irMIje Pragtree Farm Unit 
(Figure 90, page 125), _2> 


i 
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INCREASING STORAGE 

Increasing passive heat storage is a viable option for improving performance. Fifty-five 
gallon oil drums full of water are the most common j'orm of “direct- gain” storage. The 
basic problem with fifty-five gallon oil 
drums is that they are ugly (Figure 32). 

It would take a design genius to make 
them otherwise. Your family may.not let 
you bring them into the greenhouse. Foi 
maximum efficiency, the drums should 
be painted Hat black; this does not im¬ 
prove their appearance. They are cumber¬ 
some, usually bent and greasy. Some*sug¬ 
gestions: 

1 ) Buy new, shiny, unbent drums 
from*the drum fact,ory..highly unlikely, 
as the oil companies that own the factor¬ 
ies choose to peddle them full or at $12 
a whack empty'. 

2) Clean used barrels with Gunk 

Remover, treat them with a primer, then 
paint them a beautiful Hat dark earth 
dolor instead of black. ■ ; ’ 

3) Decorate the noncollecting areas 
of the drums to suit your fancy anil taste. 

4) Train plants around the sides and 
back of the barrels. 

5) Incorporate shelving and planters 

on the top of the barrel installation. - ’figure 32 

However ugly they bright be, thfe drums’ effect on your greenhouse can be beautiful. 
Consider the fact that if direct sunlight raises the temperature of the water in a fifty-gallon 
drum thirty degrees, ydu will have stored about twelve thousand BTU’s of heat energy. 
Water stores three to four times as much energy per pound as an equjvalen t arnpunt oj rocks 

or masonry. <. ( , / ' • 

The drums can be stacked near the back wall or wherever they will catch direct sun. 
and not shade or be .shaded. If they are stacked on end, stagger them slightly to allow space 
for filling and air circulation. If you have enough roorti, lay the barrels on fheir sides with 
the Tilling holes facing up. See that the drums do not touch the greenhouse walls or they 
. will conduct heat to the walls that could otherwise be’ used to raise ambient air tempera¬ 
tures." .' . 

A variety of other water storage containers can be employed. They include water- 
filled beer cans (see Doug Davi,§, page 97), glass and plastic containers of all sizes, dis¬ 
carded gas tanks from cars and trucks, rubber and vinyl pillows, bpen metal vats and used 
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», galvanizes sieel tanks. The.important thing is to check that no direct gain storage uninten¬ 
tionally shades storage behind it.- For this reason various sized containers, lower to the 
south and higher to the north, are advisable. - , . 

Another; direct-gain storage modification can be applied to inside walls that re¬ 
ceive sunlight. This” caption is to add thermal mass to the walls by facing them .with brick 
or dense stone. The passive facing should be of a dark color and nonj-eflective texture. It 
will store collected head-and give it up to 5 the interior in the" same way the water tanks do. 
The existing wall that you have .covered- will insulate against heat loss to the outside. s 
Betsure to “tie-in”'the massive fating to the old wall with metal straps or lath to avoid 
' sepafaTibh'. Memorable injuries could be sustained'if the qpjonolithic- structure were to top¬ 
ple while you mulch your melons below. Rocks or bricks cat^be made into beautiful raised 
planting beds, doing the practical job of storing Energy while improving thermal storage. 

A similar-modification can be made in the greenhouse floor. A thick concrete slab 
and/or stone paving added to the floor can act as a “heat sink” for Storing thermal energy. 
The stone or concrete surface should also be dark and flat in color for-maximum absorp¬ 
tion. For best results, insulate against heat loss into the ground by putting a layer of pum¬ 
ice or styrofoam under the floor.,slab. . • . 

The soil in the'planting beds can provide passive thermal storage. In the author’s unit 
ther e-is-arr^sfimated 4000 pounds of black mountain earth. Againj, an insulator like; dry. 
pumice, gravel or styrofoam (with holes for drainage) should be undfer the storage. ■! 


/hf,CREASING losses 


Let’s take a look at the second Option 1 mentioned: decreasing heat losses/increasing 
insulation. These two areas of improvement go hand .in hand. For starters, if you have a 
wind chill, factor inside th^j unit, that’s a problem. Places where those little zephyrs 
whistle- through the structure should be plugged up. They usually occur around door and 
window frames, roof and \yall junctions, plasticnto wood joints.) 1 ..let’s face it—anywhere 
you have put two pieces of the greenhouse together. These “infiltration losses” are the 

* W TV"! VVI n r] f An 4- -f I r ♦-v v-v 4- ^ m ^ ^ 4- O 1 1*. __H 


' most common and the easiest type to correct. Simply grab most ah! 


y pliable material handy 


(hopefully with some insulative value) and cram it into the crac-k o& hole with a screw¬ 


driver orpbent coat hanger. Leftover fiberglds insulation pulled cotton-candy style off its 
backing js recommended. ' 

Some:air leaks, such as those that occur where a vent or door meets t'he jarnft), will 
require Conventional weather stripping’ A caulking gun full of sealant will eliminate most 
others. Squeeze/an even “bead” of‘caulking material along all joints that pose a problem. 

Convective and conductive heat losses afe those caused by air movement within 
theu.walls, roof and clear-wall areas of the greenhouse. Reducing these is more difficult 
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than plugging leaks. First check whether you have cold spots on solid walls or in the insu¬ 
lated roof Gip into the greenhouse after a cold night and feel around on the walls. Your 
hands will tell you if you have an isolated area of high heat loss. It will be noticeably colder 
tliafi the rest of the walls there. If you find the culprit, add more insulation. In a frame 
wall, put it on the interior side or in the wall. Oi|a massive wall, put it outside. 

In a well-sealed gree'nhouse, the greatest losses will occur through the clear wall and 
clear roof areas; Traditional (all clear, exposed) : greenhouses rank among the most energy 
///efficient structures ever built. That is why solar greenhouse designs use clear surfaces 
only where absolutely necessary for heat collection and plant growth. Still, energy will be 
Iosif at’an amazing rate through the skin when the sun goes down. ' • 

Multi-layered (more than two) glazings add some insulation to the skin but also de- 

... ' . * 

•crease the transmission‘of light by about 10% for each additional layer. Recent studies 
have found that a triple glazing is justified in areas thafhave full winter snow cover. The 


added reflection of the snow makes up for the loss in transmission. Several universities and 
. chemical companies are experimenting.-w.ith a poly-film application that is opaque to the 
i-Jnfr a-red on the inside. That would 


keep much more* heat in polyethy¬ 
lene greenhouses. / . 

One time-tested device that can 
insulate your clear walls is a cur¬ 
tain or drapery. Pulled closed ini 
the evenings or on ‘cloudy days, 
thtfccurtain should seal as tightly 
as possible to be effective. Ideally 
the curtain should have a Reflective 
surface (such as aluminized mylar 
or tin foil) facing the air space in 
the interior. A disadvantage to the 
curtain is that you have to be pre¬ 
sent to operate it (unless, of course 
you install a motor with a heat or 
light-activated switch). V 
A more simple approach is to 
use rigid foam panel^ to fill the 
" clear areas at night. Clips and mag¬ 
nets have been used to attach the 
rigid panels (see Zomeworks,page 
130, Chapter VII). The obvious 
disadvantage is that the panels 
must be removed and.stored dur¬ 
ing collection periods. You might 
devise/ a mounting system for the 
stored panels in which they double 



FIGURE 3 3 
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as interior reflecting surfaces to combat phototropic plant growth.- 

Another type of insulating curtain is made from rigid styrofoam or polyurethane 
panels sandwiched together with cloth on alternate edges (Figure 33, page 59)7 This ori¬ 
ental-style curtain is stored at the top of the clear wall and lowered via a cord or wire that 
runs through the panel centers from top to bottom. ^ 

In any vertical curtain arrangement, the fit must be tight when closed or the\sys- 
' tern may defeat itself due to the “chimney effect.” Thermal action can set up convection 
currents between a loose curtain and the clear wall, causing heat loss;greater than were the 
curtain not there ; A horizontal curtain similar to the one discussed in Appendix C, page 155, 
4t manually operated, can be pulled acrosS the interior of your greenhouse. It would keep 
mpre heat doWn nea'f the thermal storage. ' . * * . 

j Insulating materials on the outside of the structure offer another solution to the heat 
losisproblem.. Tfie one shown in Figure 30, page 55, that doubles as a reflector is an example. 

Any blanketing system Would 1 help maintain higher nighttime temperatures in very 
cold Weather. This winter I will be using exterior rolldown blankets made for .covering 
Cement. They are 1 - 3” thick with a flexible insulation interior covered With waterproof 
black polvethvlene; Cement companies sell or rent. them. 


ACTIVE SYSTEMS 

[Passive systems all demand your presence for their operation. An alternative, an 
automatic insulating wall, hs&Peen developed by Zpmeworths in Albuquerque, New Mexico. 
The design is active in that it\ses electrical blowers to fill a double-glass cleft- wall with 
small styrofoam beads when temperatures drop. The “Beadwall”® acts as a solid mstffeted: 

M 1 ! • . 

barrier when filled, and a transmitting clear wall when the beads are automatically vacuum¬ 
ed out. , . ; . • ; ’ 

With the Bead Wall® we get into active system options for improving greenhouse 
performance. An active system involves collecting, then moving heat energy (Wia watqr or 
air) witlf a pump or blower. It is then transferred to a storage medium (rock and/or water) 
for immediate or later use. Heat of Fusion Storage, using salt hydrates as the storage me¬ 
dium, is a third alternative, but as we know of no present applications in greenhouses, we’ll 
* omit}it here. .. . 

One relatively simple aCtive hot-air system that has been used in solar greenhouses is 
Ashqwjn in Figure 34. Hot air is tapped from a high area in the unit and then ducted beneath 
floor l(Wel to a rock bed where it is stored. The tan can be activated by a thermostat, that cuts 
in when the ambient air temperature reaches seventy degrees. At night and on cloudy days-, 
the rjaokp radiate heat into the unit. Alternatively, a second fan can be used to direct the 
heated ai^ through the rock bed into the greenhouse. For working examples of this system, 
see Chapter VII, pages 100-101, 
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A successful variation of this 
system features exposed rock stor¬ 
age through which hot air from 
the greenhouse ceiling is pumped 
'"Fs.ee Figure 35). Exposed rocks 
are cSntganed by wire mesh and 
serve as iahT&^pJatforms (see Fig¬ 
ure 36). The rockssTbreJteat from 
.direct sunlight as well as troTmTiie 
heated air fanned through ducts 
from the ceiling (see Jemez House, 
Chapter VII, page 93). Doug Bal- 
comb (Chapter VII, page 111) has 
chosen to build his rock bin in an 
insulated box inside the green¬ 
house. The beauty of this system 
is that it can be added later if 
additional storage is needed. 

Another active system option 
is to use an enclosed solar heater 




\ 


(air or water) mounted on tl\e greenhouse 
roof or insLde the unit. If it is a water sys¬ 
tem, liquid will be pumped through/the 
collector into a large storage tank (pos¬ 
sibly underground, surrouhded by rocks 
and insulated). When the sun goes down, 
heated water bypasses the cool collec¬ 
tor, making a closed circuit from t,he hot 
storage tank^hrough baseboard radiators 
in the greenhouse* or a cohvfentional heat- 
transfer blower. .< 

Disadvantages of this type bfsystehi are 
the high initial cost and the technical skill 
required for its success. Another drawback 
to a pressurized-.and circulating hot-water 
system is that'if the electrical power to 

J - 

ump it lialis, the (water stagnatds^stops 
moving) and superheats, blowing out the 
entire system—or at least the pressure re¬ 
lief valves. This can be discouraging. .. 

Components such as collector boxes, 
pumps, blowers .and so forth are commer- 
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f 0 : dally available, but the final arrangement, 
or system design, is left largely up to 
the individual. 1 suggest that if you plan 
to incorporate .a complex active system 
into your greenhouse, buy the more im- 

_portant components rather than building 

them yourself. Playing the solar inventor 
is an exciting pastime, can be very 

expensive and give birth l$|||any a white 
jPMgi-Nelcphant. My first solar collector box 
clung precariously to the root, rusting 
and rotting in the weather. Its vacuum 
cleaner blower sounded like a freight 
train howling through the house. In short, 
it was a $ 1-50 mistake. If you do feel 
qualified to construct a collector, at least 
follow plans for units that are prove,n 
effective. 


A proven and inexpensive water heating 
system is the “batch” (auk or “bread box.” 
The unit is used as a pre-heater for youc* 
I figure 36 conventional hot water or directly in small 

applications. I\t consists of a tank (40 - 60 gallons) enclosed in a reflect live box and juounted 
in the apex of the greenhouse. It runs off the home line pressure and, because of the 
large volume, doesn’t riih the risk of overheating. To prevent the danger of freezing out, 

leave large liores in the iiot^oni (gre-cubouw.feeifrg)-covei‘ or make a moveable reflecting/ 

insulating exterior covet - . Still Reared of freezing? Bypass and drain the system for the cold¬ 
est time period. Y . - - 

A l\ofty gallon 4ank like th-is\ will"raise water temperatures to' the gas heater about 40 
Zomeworks (Chapter VII, pagc\l30), sells plans for bread box heaters. 

.. Complicated high temperaiifre hot water systems cannot presently be economically 
justified in greenhouses. Avoid tl^em. Use air or low temperature water as the heat ex¬ 
change medium, if an acti\fe%systei\i is what you need. Refer to the rock storage systems 
in this chapter or in Chapter VII.'You will be surprised at the performance of the passive 

\ 9 & 

units and the simple improvements we’ve describe^ 
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The third alternative for improving greenhouse performance is to employ convention- 
supplementary, heating. The solar piirist will object violently, but there is a great deal 
of validity in this.option.Jf you have built your solar greenhouse properly, the amount of 
conventional fuel needed to improve perfosnance should be rriinimal. For the greenhouse 
)erator in extreme climates who shuts down the unit for a month or so in the winter, the 
timeperitjcjWhen supplementary heating may be needed will tje brief. 

A smail ga^-ocelectric heater that cuts in at 35 or 40 degrees can provide.an early 'be¬ 
ginningfor the late wirfteT/spring crops and a healthy harvest ijthe fall/early winter period. 
-The heater shouldn’t be necesSarj^aTofteii, ^nd on jkecon^hticlevel,could be justified ' 
by the yield of produce and flowers. On a purely emotionaTTevel, a small heater can elimin- 
' ate your anxiety over those tender young seedlings ihat\havb- so bravely sprouted in late 
January. > - — A ■ \ ‘ 

In my greenhouse I rely on anvood-fired pot belly stove in’alpidjdinin^ 

. gencies. I stoke it lip on cold, clear.nights following snowy pr cloudy d&ys. As the effort 
and Wood consumption isn’t great, I feel justified in using this option. 


COOLING THE GREENHOUSE 

if ^ 

V . . : . ( • V - 

Thus far we have been concerned exclusively with keeping the greenhouse warm. 
Another common difficulty arises from the opposite problem: maintaining tolerably'cool- 
temperature levels in summertime. Again, if you have built in the c orre ct amount of t 
' .solidjoof area-for shading,-provided proper ventilation and thermal mass, this should be ■ 
controllable. If your unit still overheats, however, screen shading is one way of correcting 
the'-situation. Greenhouse suppliers market a number of plastic sun screens that can q^jt 
down the incoming light anywhere from 15 to 85'percent. Barabopcurtains are another 
possibility; they are usually more expensive but to many, worth the exltra cost (see Figure 
37). Bamboo-like plastic curtains are effective'and cheap. Get white or a light'color. 

- A traditional method of cooling greenhouses is to whitewash, the! outside of.the clear 
surfaces-in fhe summer. This is time consuming, relatively unattractive, and could have 
adverse effects on fiberglass-acrylic products. \ - j .. 

.- \ i it 

Another- type of passive cooling involves placing a small pan of water in front of 
the lower ventTFrdhTTTre'FppnvF^l^e-^ieulJimig^strips of buijldp; allowing them to dangle 
down into the water. Water will seep up the'buidaplTlTewvi^lc effect).-The natural convec¬ 
tion of thp.heated air exiting from the hi^ryeirtwtltpulTevappi^ti^eiy'cooled air through . 
the greenhouse. „ -- - ^ :j " ■■■% : 

An exhaust fan is inexpensive, uses little power and can pe mounted in the upper vent 
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,ol the giVLMilmu^..-W-p-4Krvc r 1icvv.*i'had to use it in our designs'but would a”s a last resort. 

SaLulLuns that we have-ife-cd effectively lor cooling include taping large sheets, of bulch- 
er paper or newsprint to the inside plastic.mnd/or grow ingAx alls of shading plants (inside 
or out) to block incoming light (see Chapter VI. page 7b). 

A iHist spraying, or^v^Uwitinig^ol the floor', rocks and earth beds around noon .on hot 
summer days will lower temperatures S to 1 2°. This lufs been vere effective for u*r 
’ Cooling vents can be opened and closed by heat activated pistons. These are totally 
passive mechanisms and only moderately expensive. • 

h i 

11 you have made the mistake of buying a poorly designed commercial unit that oxer- 
heats. try large shading panels of masonite or sheets of opaque plastic on the roof. 

In combatting overheating problems, remember the general mle that low-angle xvi'm 
ter sunlight is to be allowed in to fit e nil it. w I fi ledii gli -fmgl ' s'li ii inter rax s are to be partially 
blocked.^ A common misconception is that all plants must have direct/sunlight for healthy 
growth. I his is simply ffot the case. Also, many books u til tell yoi/ that the greenliouse 
must stax uiuIer^S.s" and not getigplder than 55°. I hat max be true lor orchids, but most 
vegetables are hardier. They can thrive in much higher and low^'Temperatures than that. 
Carelul planning and pjacemenlol your crops, ami the use of reflected light, \xill get tan¬ 
gible results for your enjoyment jand nburisbmeiiM. 










CHAPTER VI 


The Greenhouse Garden 


7 / ; - / 1 * J. / > '• »v„ A j 

One’ of the most innovative aspects of the-Solar Sustenance Project greenhouses is' 
.that they are geared mainly to the production of vegetables—food crons—rather than flow- 


,that they are geared mainly to the production of vegetables—food crops—rather than /low¬ 
er^ and house plants. Food production (and surplus solar heat) transforms the greenhouse 
from a luxury- item to a functional addition to the home. The Solar Sustenance Project 
units have produc ed fine crops; t heir size and variety is dependent, of course, on the amount 
of time and care the owner can offer, j ' ■' » 

I ' .. , .... 1 ? ■ 

Gardening is a subject that fills volumes (as you welLknow t if you’ve browsed through 
. that section of a bookstore lately). Check our bibliography for books that cover the whole 
realm of gardening. In this chapter we-are going to haVe to limit ourselves to plants that 
we havet-grown in our greenhouses and can. tell you about with honesty and confidence. 
However, we are always trying new ones and different planting arrangements, and we.hope 
you will do likewise. ' ... ' ‘ 

We should point out that the greenhouse gardener has some advantages and problems 
that the outdoor gardener does not have. Planting space is much more limited, for one thing. 
Also, an attached greenhouse is an integral part of your living, environment; your home 

s/iares in the problems of the unit (insects), as well as deriving benefits from it. . 

I The greenhouse gardener does have one great advantage over, t he outdoor .gardener: 
/you are not as dependent on the weather. Low. temperatures in the cqjdest part of the 
(■winter are the only Exception.-The ravages of wind, hail, drought and-frost have. no effect 
i on greenhouse^plahts, whereas* outdoors-they can and d'o destroy many crops:TnTheTiigtr- 
mountain valley where <the Fishers live, midsummer hailstorms are a constant threat. The. 
'.farmers there say that they don’t call a crop successful until the food is on the table—As a 
greenhouse gardener, you enjoy both a greatly extended and a much more predictable 
growing season, due to your'control over the climate injyour unit. • 


GREENHOUSE>LAYOUT 


The size. 


determined by the configuration of the unit and your own judgement (practical and aes¬ 
thetic). However, since,space is limited,-plan the layout of planting areas with, the utmost 
care. For maximurn'productivity, leave very narrow walkways and put the rest of the floor 
area into beds and tables. 

Vertical sp&ce should also be used-to the greatest extent possible and you’ll find that 
there’s quite’T'lilt of it. Shelves lining solid walls and'hanging planters are two methods 
I have-used. I’ve aljso installed moveable shelves on brackets along the clear walls to"hold 
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FIGURE 38 


trays ofseedlings. By June these 
shelves can be taken down and 
stored (Figure 38). Temporary 
tables can also be erected in beds 
for seedlings (Figure 39). Another 
good way of using®vertical space 

■"i* 

was devised.,by the University of 
Arizona Environmental Research 

a . \ 

Laboratory. It involves a series~of“ 
hanging pots, attached one above 
the other (Figure 40 ). Thisangeni- 
ous idea really makes, the most of 
greenhouse growth/space poten¬ 
tial. . 


Some of the space in your unit 
will have to be given up to. equip¬ 
ment. If you already'have a tool 
shed, then you won’t need too 
much storage area in' the green¬ 
house. But, empty trays and pots, 
cartons of seedlings, small lyandf 
tools, containers of feptttizer and 
other basic necessities of green¬ 
house living do accumulate quick-* 
ly. When planning the interior 
layout, leave-space for equipment 
•.and a comfortable amount of 
standing room. 

“ - FIGURE 39 


SOIL __ __ Y V 

Y i , ’ 

Gardeners used to “taste” their soil before planting. If it tastedjsour or bitter, it was 

not good, for raising plants, but if it tasted sweet, a high yield could be expected. The soil 
that-tasted sour was too acid; soil that tasted bitter was too alkaline. A good balance be¬ 
tween t he acidit y- . -a m Ualkalinity-.of-sorl.is.important for a good harvest. If you prefer not 



to, it is not necessary to taste the soil. Instead, send it to a county agent or buy a do-it- 
yourself soil testing kit. 

A healthy plant needs Nitrogen (N), Phosphorous (P) and Potash (K) from the soil; 
trace mineral elements are also necessary. Nitrogen is needed for growth, particularly for 

~ - . — - -* 
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green Leaves. Yellow leaves and poor 
growth denote a lack of nitrogen in the 
soil. Organic matter decaying to humus 
*§eleases nitrogen slowly, but is a steady 
source.-Cottonseed meal is anot h e r excel- 
lent source of nitrogen. Phosphorous is 
needed for roots, fruit development and 
/ resistance to disease. It comes from organ- 

_ic decay ing m a tter an d from ground ,phos-_ 

phate rock. Potash is needed for the cell 
structure of the plant. It comes from or- 
ganic matter, from wood ashes and from 

• 3 ■ "" .. . . - 

green sand. Trace mineral elements come 
from a variety of components in organic 
matter. Most plants like a neutral or slight¬ 
ly acid soil. 

Your soil should be 12 to 16 inches 
d eep . Good drainage is a necessity. 

There should be .6” to ,8” of pumice, 
s*and, vermiculite or pea gravel under all 
of the soil in your beds. We have not tried 
it in our greenhouses, but from the read¬ 
ing we have done, we feel that the Biody^ 
namic French Intensive method of garden- j figured . , 

ing will probably adapt well to the greenhouse but will need deeper beds. Contrary to tra¬ 
ditional greenhouse techniques, no'one in the Solar Sustenance Project (about 25 producing 
units) lias ever sterilized their soil. You do not sterilize your outdoor garden soil, do you? 
Besides, how can you get that much dirt into the oven? 

Greenhouse soil should not : be«.y dense as regular garden soil. It is lightened by adding 
other materials. Two good soil mixtures are: 

: ~ ■ !4 rich organic topsoil 

A coarse sand 
A peat 

A vermiculite or perlite 
If you live near the mountains, try this one: ' 

•• .. — 1 /3 black mountain earth (found under the pines) TT 1- 

1/3 arroyo sand (river bank) 

1/3 pumice, perlite or vermiculite. 

Soil can be kept and used for a long time in a greenhouse, but it must be regularly 
enriched with compost and organic matter. Rotating plants and using nitrogen fixers^ucli 
as peas, in various locationtfhelps keep thesofPvta-ble. Mu l ch i ng Qt rts duwiron water require- 
ments and does add some nutrients to the soil. (See later sections on crop rotationjarid fer¬ 
tilization,) ■ 
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The soil in the greenhouse must drain well. Plants do not like sitting ini puddle of 
water. If your soil is on the heavy side, add a good portion of vermiculite and organic mat¬ 
ter. Air'is another vital ingredient in the composition of healthy, fertile soil and: in {Wdtfc- 


ing well-rooted plants.‘Along with using organic matter, another Way to aerate, and allow 
water to penetrate the soil is by providing a good supply oj" earthworms.' T^hey fertilize soil 
by means of casts which are rich in nitrogen, potash and phosphate. Earthworms also help - 
• balance/ the composition of the soil; if your soil has a goodly number of earthworms in it, 
you dey not need to add nutrients or worry as much about insects. There are over two thou¬ 
sand kinds of earthworms but the two which are ofhnteres-tiinthe greenhouse are-the soil... 
ingeslyrig blue and the manure and compost ingesting red. Both make humus. J 


.HYDROPONICS VS. SOI^ 


Hydroponics is a method of highly controlled agriculture whereby plants are grown 
in a “non-soil” medium such as s and or v ermiculite. A bala nced diet of nutrients is f ed di- 
rectly to the root system. ' ■ ’ 1 . 

, “ There is a long standing battle raging between hydroponic and soil aficionados. Hydro¬ 
ponic gardeners claim as high as 300% increases in yield; soil users retort, “Hydroponic 
plants a|*e chemical junkies and besides they don’t taste good.” Thave*limited experience 
with hydroponics but-have found the following* G" 5 "' .• 

1) Hydroponic plants'-are more dependent on continuous care. A soil plant in a 

deep bed can survive several days in midsummer vyitliout-watering. A hydroponic planti 
will-.die-if its feeding isJa^sed_fop ajlay. Fo^Thiaa-eason-, most h yd ro p o n+oope-rat ioitst ' 
call for an electric timer, feed batch tank r tqbes (o plants or containers for feeding and drain¬ 
age. In a small, home operation, these items are not particularly expensive or energy con¬ 
suming. . ; W V * . • !-• _ ----;__’ 

2 ) Lhave seen plant growth and densities in soil that are not surpassed by any hy- 
. droponiefs techniques (for example, the Tysoh’S greenhouse, Chapter VII, page 89, and 

photo on next page). Given, this is a small operation which receives a maximum of ten¬ 
der love and care. In a larger commercial unit increased yields by hydroponics are docu¬ 
mented. — ' .. s . 

3) The^soil in beds and on tables .has the ability to store heat. Some hydroponic 
media such as pea-gravel can also t h e rm a lly charge but otliei media such as vermiculite does 

^j tQt hold much thermal stbr age capability. 1. • ’ - ' 

4 com p 1 e t e novice I/recommend starting withsoTEThe "greenhouse is a 

new experience by itselTT’TIm^^ded element of hydroponics mfight complicate tilings/A ftef~ 
you have Rad some experience withfR'er^^nhouse, run a hydroponic experiment and then 
. decide which side of the battle to join. 

We have included some good hydlfcponic books in the reference list. 











FERTILIZERS"- 

Every, time.a crop is. harvested, the soil should be fertilized. Remember: you’re ask¬ 
ing a great deal more of tIfe greenhouse earth than the garden earth in terms of length of 
the growing season and density of the crop. Because of the relatively limited space, most 
greenhouse owners plant intensively. Many of them, including the Fishers and Yandas, 
deliberately crowd their crops in order to squeeze every last tomato,’bean and pea from, 
the unit that they can. This type of intensive planting does work, if the soil is rich enough. 
Regular fertilization is the primary \yay to enrich the soil. ’ '? 

There are many different types of fertilizers. A local nursery can recom mend - a vari¬ 
ety of-basic dry and liquid commercial brands. If you apply any of them every time you’re 

#• 

ready to plant a new crop, the soil sltould stay in good condition. Your plants are the best 

'.r ' C ~ <r 

indicator of insufficient fertilization. ...» 

Organic fertilizers,‘-such as. manure and cohipost, work beautifully. We have found 
dry cow manure to be very effective. Keep in mind, though, that every time you bring 

foreign matter into the unit, you run the risk of bringing harmful insects with it. 

\ 

\ 
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Manure and comport should also.he added to the soil while the plants are growing 
and producing. Frances Tyson.makes what she calls “horse manure tea” by soaking fresh 
dung in a pail of water. Frances-ppriodicaljy pours this hearty brew on her soil; the health 
and beauty of her plants (see Figure 41) testifies to its value as a fertilizer. 

Many people believe'that organic fertilizer is more’.effective overall than chemical fer¬ 
tilizer f.we’re'among .this group). We have used fish emulsion very successfully. 1 like the' 
stuff; it makes my whole house smell like Province town, Massachusetts, for a couple ot 
days. But* what you use "depends to a great extent on what is available. The most impor¬ 
tant thing is to fertilize regularly, lavishly and deeply. When fertilizing, turn ovei the 
soil with a shovel or pitchfork. Dig down, to the bottom and really move that earth around. 
You ,\vi)l bury, the fertilizer deep into the soil, the best place for it. It will feed the whole 



root system of your plants and -also en¬ 
courage the roots to grow deeper, thus 
creating a firmly and well-rooted crop. 

Mulching is another good way to en¬ 
rich the. soil and keep it evenly moist. 
Mulch with organic substances that break 
down readily into humus. Grass clippings, 
leaves, wood shavings, vegetables and oth¬ 
er leftovers anything you would com¬ 
post will work very well in the green¬ 
house. Frances Tyson has successlully 
turned her beds into compost piles, using 
nearly all her ofganig garbage as mulch and 
fertilizer. She kfeeps a small jug by her sink 
and every day or so turns'her-“garbage” 
into her greenhouse soil. 

G%t an image in your mind of the 
soil as a living element. Nourish and care¬ 
fer it just as you do your plants. The soil 
essentially makes the difference between 
a sterile and a fertile greenhouse (Figure 
42). 


•FIGURE az 


PLANTING LAYOUT 

b r 1 - r ' 

\ .Before planting, give careful thought to the light requirements, waimin uccus. st/es 
and shapes of variejus crops. Plants in the front beds will get more direct sun. (See Figures 
43 and* 44.) I have;found that all the crops I’ve planted grow vigorously in the front beds, 
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so the real challenge is finding plants that will grow on the north side. 

Profile: SPRING-SUMMER-FALL 

A. Shading plants “ 

B. Fruiters. Tomatoes, cu’cumbers trained 
up twine. Trim foliage, squash, melons. 

C. Seedlingsr-herbs, fruiters. Hydroponic 

table. I •; 

D. Low light, coyest greens. In late sum¬ 
mer new fruiters can go here. Climb¬ 
ers, flowers. 

E. Flowers, shade lovers. 

F. Berries, shade lovers. •. 

FIGURE 43 

- Peas seem - to" do very well in back beds; broccoli and herbs do all right, also. 1 have 
never given my pole beans a choice; they are automatically planted in the most unobtru¬ 
sive bed, in the bank eastern corner, where they still receive enough sun but hardly shade 
the other crops. Generations of beans have been very content in that bed. 

Profile: WINTER 

A. Lightest, coldest; Leafy greens, radish¬ 
es, peas, broccoli, roots, tubers. Carry 
over fruiters. 

B. Light, cool. Herbs, greens, flowers. 

Transplant seedlings, y 1 

, C. Light, warm, hanging pots, flowers, 
herbs. 

D. Light, warm.'Winter tomatoes, pep¬ 
pers. Climbers, beans, houseplants. 

E. ”-Low light, warmest. Start seeds, 

sprouts. (Oh shelves; bread will rise 

_ - _ V _ _ - __ _ _ 

r well bere.) 

F. Shady, cool. Berries- * F&~iiW« 

‘ ~You will probably want to experiment with a variety-of planting layouts. Just remem¬ 
ber to give exfra attention to crops in the fear. Proyide them with as much light as possible 

through the use of reflective surfaces as described in; Chapter V. ; 4 

In the overshaded greenhouse, plants tend to become photo-tropic; i.e. T _th£y_.grow fo¬ 
rwards the sun in .the direction of the clear walls. Extreme-phototropism can affect the plants’ 
vigor and ability to produce; again, you can combat this problem with the usehsuf reflective 
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FIGURE 45 j & 


devices along the solid walls. Also, potted plants and seedlings for transplanting may need 

to.be turned, just as they do on a windowsill, in order to compensate for photo-tropisni. 

\ __ _ __ — > 

As you get ready to sow your seed£"keep in mind that most greenhouse owners plant 
intensively and tyiat it can work quite well (see'Figure 45). The number of plants that y.oti 
can cram into .one bed defends a great ideal on the fertility of the soil. Under good condi¬ 
tions you can cut the'recommended spaqing by %ths ior many crops and get a fine harvest. 

Intensive planting may affe'et the appearance "of some crops. My chili peppers (spaced 
about two to three inches apart) were spindly plants that had to mutually support each 
other to stand upright. But they produced an excellent harvest..each one laden with pep¬ 
pers; " . ... ' . , 

_[ y - I had six tomato plants growing in a 5 x.3’toed. By July they were massive and pro¬ 
duced all the tomatoes we could eat with'plenty for canning. The plants were Overflowing 
the borders of the bed and advancing down the walkways by October; still they couldn’t 
seem to stop producing. By the end pif December they were completely out of control, 
threatening tq take over the adjoining room in the hou se. 1 harvested grocery bags fuJl of 
tomatoes just before my winter freezeOut. 

/ ; 

On the basis of these and other experiences, I’d say that intensive planting can be 
very successful in the greenhouse. Just keep in mjnd the nourishment your soil will need 
in return. 
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THE VEGETABLE PLANTING CYCLE 


r Don’t grow any vegetable that you don’t enjoy eating.Jt’sjio major accomplishment 
td grow radishes or other hardy eold-weathgx^e-rOprin you* solar greenhouse at any time 
during the year. But if you dislike radishes, then it’s a waste of tifne and soiLnutrients.. 
Raise the vegetables that you and your family eat and' your succ^-s-s-wall be measured not 
only in terms of what you can grdw, but what\you use. , _ . » . Xy 

Having paid this, we encourage you-to plant any vegetables or flowers that you espe¬ 
cially like. If yop take-proper care of the plants, start them at the right time of year, ward 
off insects and follow the other basic procedures We are suggesting, there is no reason why 
you can’t grow almost anything you want to. We urge you to experiment, particularly if 
you enjoy gardening enough to take, a few risks\in return for possibly spectacular results.^ 
Imagine how you would like your greenhouse to look and them simply bring that vision 
into reality". It can be done. \ 

Thus far we have'talked mainly about vegetables, but don’t feel compelled to use, 
every square inch of the greenhouse for edibles, flowers add T color, fragrance and beauty,, 

d - » j * h. | >*'* 

to yopr unit year round. If the greenhouse space is an attractive one, you’ll find that you 
want to spend time in it and maintaining the plants will be: a pleasure. The plants will 
enjoy and benefit from your company. This makes a crucial difference in the success Of ■ 
a greenhouse. ■■i\ , * 

■ „ Greenhouse seasons are different than those ip'utdoors. Summer comes early %pd 
lingers on. The planting cycle in the greenhouse is based .on this extended summer. The 
Fishers have divided the cycle into three time periods: late winter/spring", summer, and 
fall/early winter. The-actual months these perijods cpvef run from about mid-February 
through May, June through mid-September, and mid-September through mid-December. 
Some crops will be harvested within ong period, others will extend over two cycles add 
still others, notably tomatoes! will continue to bear through all three cycles, 
y The following planting cycles are based on first-hand experiences in. the Fisher and 
Vanda greenhouses. We.are including Both as examples of different modes of operation |p/ 
two different climates. It might_be noted that neither of these greenhouses have any water 
' storage- or clear wall insulating covers. 


\ 


The Fisher Greenhouse 

The Fisher greenhouse is located in a mountain valley irqnorthern.New Mexico, alti¬ 

tude 8.000 feet. 36 degrees north latitude. El Valle experiences a high number of cloudy 
days and the last killing frost is usually in early=to-mid-June. Tjhe unit is attached /to an 
adobe house. The design of the greenhouse is quite similar to'that described in. Chapter JV, 
but it has a vertical front face rather than a tilted one. The Fishers have chosen to shut the 

. <* ' ‘ J \ - i 

unit down for two months each year (winter freezeoutyrathei; tjian add supplemental heat, 
or-o th er-i m p r o v e m e nts at this tinrerThe planting cycle in the Fisher greenhouse is as follows: 
Late winter/spring ; . In mid-February I start tomatoes in peaBpots or Jiffy pots. On very 
cold nights they can be moved into the holise. Peas, lettuce; onions, broccoli and radishes 
(hardy cold weather crops) cam be planted directly in the greenhouse beds. I recorftmend 
succession planting for the lettuce. 
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FIGURE 46 


Toward the end of March these late win¬ 
ter/spring crops are going strong. At that 
time I transplant the tomatoes and pep¬ 
pers into the beds. I put the peppeds in 
with the lettuce as it will be harvested by 
the time the peppers really start to fill the''' 
bed. The tomatoes- which are heavy feed¬ 
ers/go in a bed by themselves since they’ 
grow more rapidly and will continue to 
produce through ^11 three seasons. 

At this time I.also plant pole beans, 

.-a very successful crop in my greenhouse.; 
(see Figure 46). They put most of their, 
energy into vertical growth .ancUthus day 
not take up much space in relation to the 
amount of beans they produce. You do 
have to provide a latticework of stakes 
for them to climb and it should Extend 
to the ceiling, as the beans will easily 
reach that height. 

Any additional summer crops I want 
to plant, such as cucumbers, cantaloupe, 
pumpkins and annual herbs, also go in by 
the end of March. I’ve tried corn, too, 


which-was flourishing in the greenhouse and producing ears in .early July. The ears didn’t 
seem to be developing, though, and when I pulled back the husks to check them, 1 found 
hundreds of aphids devouring them. If it hadn’t been for these insect pests, I see no reason 
why the corn plants wouldn’t have done very well m the greenhouse. Corn is, however, a 


crop that-Lakes up quite a bit xT^ace relative to the amount of food it produces. 

By mid-April my greenhouse is in full swing. The-peas, another fine crop for the unit,, 
are a mass of blossoms and I’m getting peas daily. The late winter/spring cycle is perfdct 


for peas which don’t do well later in the midsummer heat. Snow or sugarjfcgas, the variety 
I usually grow, seem to do especially well in a cool greenhouse. T 

' t □ 

Lettuce is in it,s prime at this point, also. I harvest the outer leaves and let the interior 
keep growing, except for'those heads that need to be thinned, out of the bed. Lettuce is one 
of the hardiest crops in my unit and has done well through the coldest nights of the year. 

Radishes are over by now and I can replant if I want to but usually I give their space 
to a summer crop.-Onton^;reens have, of course, been edible all along but the bulbs them¬ 
selves are slow to grow (and I’ve never had much luck with them). Now I generally pull 

^ ‘ 

them up when they are still green and young and enjoy them in salads. Broccoli is large_ 1 
and sturdy in mid-April, getting ready to head. 

Mid-April is also the time when I start vegetables in peat (or Jiffy) pots for transplant¬ 
ing to the garden. They will have six to eight we,el$s to germinate and grow in their pots 










before going outdoors, which is.just about right. If you start them much earlier, the plants 
will outgrow their pots, get badly rootbound and may be damaged before it’s safe to trans-' 
plant them. This is more of a problem with cucumbers and melons, which«cannot tolerate 
root damage, than with plants such as tomatoes and peppers, which/are luVrdly affected by, 

jt - ■ ;■ i; 7J- 11 

«• 

' ' i i . • :.-T. 

Summer. By the end of May the lettuce and peas are harvested. The pole beans have reached 
the ceiling and are still blooming. Tomatoes are covered with flowers and have green fruit 
on them. Cucumbers and melons are beginning to produce, too. The pepper plants are grow¬ 
ing rapidly and the broccoli is still heading. The herbs can be used daily, especially, parsley, 
which is a prolific producer. The crops that were started in Jiffy pots can be hardened off 
(exposed to harsher outdoor weather) and transplanted to the garden. ' 1 / 

In my experience, sbme vegetables that were planted directly in the beds can be moved 


outdoors even though they afe quite large by 
and broccoli, blossoming and fruiting, with 
actually benefftted from the move as the ga 

/ t 

/ i 

/ i 

Fall/early winter,4n early September parts 
of my green hod se take on an autumn 
look,. The be.ad and pepper plants are lad¬ 
ing; the Cucumbers, cantaloupes and 
pumpkins'are liearirig their end^al though 
soriih of the fruit is still ripening. 1 remove 
all the summer crops except the tomatoes 
and herbs. Then I fertilize and get ready 
to plant again. 

Lettuce, peas, broccoli,/and a sec¬ 
ond planting of pole beap^are my .fall/ 
early winter crops. They wjill thrive during ,. 
this period although the beans do not pro¬ 
duce quite as well in December. The unit’s 
* £ 

summerlike warmth in the fall promotes * 
fast germination ahd the cool tempera¬ 
tures later on are perfect for these vege- 
tables (see Figure 47). Through succes¬ 
sion planting I dan keep peas, lettuce and 
broccoli going all winter, but I prefer to ' 
give the greenhouse (and myself) a time' 
Of rest. 


this time. Ihave transplanted tomatoes,'peppers 
io ill effects on their productivity. My broccoli 
den \yas cooler than the. greenhouse. 



FIGURE 47 / , 
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The Yanda Greenhouse , , °j lv 

The Yanda greenhouse is located 15 miles north of Santa Fe, altitude 6400 ft., 36° 
north latitude. The last killifig frost in this area is usually late May. The front face slope,of 
this greenhouse is 60°; it is runiyear round. The following describes the Y ah da’s planting 
and maintenance schedule and the different vegetables they have planted and worked with. 

Nafnbe greenhouse Planting and Maintenance Schedule 

Mid-January: Plant cold weather crops—beets, broccoli, pea’s, radishes, spinach, let¬ 
tuce, any herbs, garlic, nasturtium^, marigolds. In the house start tomatoes and chili pep¬ 
pers fof transplanting into t|ie greenhouse in several weeks. 

MTd-Febnuary,: Transplant starts into the greenhouse. Start any permanent plant'ex- 
cept very warm weather crops such as cucumbers and melons. ■ 

Mid-March: This is a deceptive time of year.Everything in the unit is growing like mad 

and you are already harvesting,, You are tempted to starrou-t-doar .garden seedlings. Don’t 
do it yet. They" will become rootbound or get toc^big for transplanting. Sfart-y-our,melons 
and cucumbers if you plan to leave them ir) the greenhouse. 

\ Mid-April: Now start seeds' for garden transplant. ' ._. 

>■ ■ - Mid-May-: Harden off garden transplants by exposing them to harsher outdoor weather. 
Do this for aboutrtwo weeks. Start some tall bf* climbing plants for summer_shading. Sun¬ 
flowers (see Figure 48), morning glories, hollyhocks, etc., can be used outdoors on the 
south fgce; pole beans have-been used inside. ” '* 



























AS 


Summer: This is a time of heavy production in-the greenhouse! Keep .the-gr-eehfrouse ' 
clean,“well ventilated and the insects under control. (Note: the greenhouse should always 7 
be kept clean and weeded.) Train climbing vegetables up on strings, keep vegetation trim- 4- 
med. Help pollinate certain crops, l ap tomato blossoms lightly at the -base of each c lus t e rr— 


% 


use a small paintbrush, dabbing the male-, then female flowers" of the melons and of the 
cucumbers. Enjoy your produce. ‘ \ “ v - * v," ‘ 

Mid-August: Start vegetables for fall and winter harvesting in the greenhouse. Such 
vegetaBles^sbrOccoli;peas and beans sfiould be fully grown before the really cold weather 
sets in. • ' ~ 0 --—^-i! — ■ ' 

September: SomeTmt^^- garden plants can be transplanted back into the greenhouse. 
Check for insects and disease nrstv.-^-. ‘ 7 

Fall-January: Check the greenhouse'To^any repairs that 5 need to begone. Continue 
to pollinate and Mm bapk foliage on fruiting vcgetabtes-imfront beds. V » 7- A 

MidrDecember to Mid-January: This isdthe coldest time^ohThe^^eal, and because of ‘, 
short daylight hours all plants show a slow grovyth rate. You may find thjs^good time to' 1 
really clean out the greenhouse; wash all containers and boxes, replenish the soil. This . - 
is an excellent dime fo get\rid of any lingering pests byijfreezing them to death^ Simply ; J? 

Aspennp the greenhouse at bight for a week to ten days. Close it during-the, day and turn 
the soil ^eraTtunes. Like us, you may find this the most rewarding tjjrne'pfijthe yeartq'- v -'• 
have a gffden. Hardy and cold feather plant&wdll grow during this period Without added! 

.heat. - . 7 " .. ... V. ■ ..... \ 7.?. , 7 j.r, \ 

The planting charff Appendix B) will give you a full listing of varieties, firne-pf plant- \ 
ing and locations we’ve used iniorrf greenhouse. - . 1 


i I. 


* I 



FLOWERS IN THE GREENHOUSE 

. SSSl .77. V! . . 7. • ■ # . 

Houseplants: In my experience, all Houseplants thrive in the solar gre enh ou se. Many people 
-giv.e_til £ir pla nt s an iriVigor atmgTmtdbdrTyacatjon during the summer. A vacation in the 
greenhouse is even 1 belter.. The color, size anddensity o7 foliageimproves tremendously, 
and the plants look as good or better than when they were. new. Therefore, I recommend 
that any plant suffer fnlg from the windowsill, coffee table or bookbase blues be transferred 
into the greenhouse fpr a couple, of months-or more. V .. 

Light and humidity in the greenhpuse are two important factors in reviving plants. 
Be sure■ though, to place plants-that are suscept-ible--ttfc--btrrning-ima- location'-a w-ay from-' 
direct sunlight, just as you would in your house. 

Hardy houseplants 5 can stay in the greenhouse year roundy unless you are planning a 
solid winter lreezeout. Gerarfiums arev one of the best examples of this.-At about 22 de¬ 
grees, mine died- down to the roots, then made a magnificent comeback in the spring. If 
your greenhouse temperatures never drop that low, cut back the geraniums in midwinter 
anyway. By Apfil thjey will be beautiful again. ' . ' . : p > 
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hardy in my unit as well, though again they die back when the temperatures are in the 
twenties. The color and vigor .of the new leaves in spring incredible. ‘ 

More tender houseplants, such, as the coleus, benefit greatly from the greenhouse 
environment. But; they must be brought back into .the house during the coldest months 
unless your unit never, freezes. In this category, I have found that fuchsias, Swedish ivy and 
spider plants are especially content in the greenhouse. "I treaTThem exactly as I do in the 
house, iirtef ms of watering, trimming and feeding. 


"-<1^ Garden-plants. All the flowering plants 1 normally have in my garden grow beautifully in 
, the greenhouse. Choosing thlose to include in the unit involves considerations of space, 
-h. siz e and gefreral planting layout. I prefer smaller varieties that add color but don’t require 

_ jnuch space. My favorite' in this category and one of the easiest is probably the petunia. 

They Cqnie-^fl--a wide range of colors and bloom profusely. If petunias get -spindly, cut 
them back, and you’ll see thejh return in healthy.yigor-ous cb'ndftion. PetunWare cori$ider- 
~-ed~le.,nder annual ^Jbulin-my-greenhouse they haver become perennials (hardy torn bout 
■ ^-—^2^(feg~feesiTTlTy^ame-app I ie s to marigolds and pansies. Pansies, like petunia's,meed-toTe 
cut back periodically. All these types of flowers bloom continuously. 7 V 

v I have it.dark moist-corner in my unit where nothing seems to grow - except ivy. I 
l^ought ; ..a. yariety that is recommended for north sides of walls (Engleman’s Ivy) and my 
• problem comer has bee n trar sforined into a" haven of green. a. r : 

The glalliolus'bulBsT planted along the border of theTronLb.eds have grown Very well. 
In-this region; lladiolu-s- : are n o t reliably ;h ardy and bulb ^ planted in the ga~rdei Tlfe ed'to-be - 
dug-up and brought in.during the Winter. In my -gr.eenhouse, however, they reniaiifdmthe_ 
ground year round; they die back to the bi/lbs in lade fallv-prpliferate and.return with in¬ 
creased beauty in the spring. . " ..." . . • . ^ ^ ~~ 

* ' ■ % • , ' \ . " •• . t „ 

. Transplanting. The greenhouse provides prime conditions for starting flowers to transplant 

-'into the garden. You can get. a~good headstart on the outdoor growing season and thus get 

. mu.ch more •enjoyment from your flowers during the summer. f y 

_". . iji_eariy April.Listart perennials such as pbppies, daisies aihd columbine in the green- 

house; they can be transplanted sooner than annuals and will usually'bloorq the first year 
with this kind of headslarf. I plant annuals, including marigolds, zinnias, mdrning glories 
-—and sweet peas in mid-April.; -1 ~ r " ' ^ 

One .of the advantages to starting flowers this way. is that April temperatures in the 

— greenhouse ar.ehvarmer~and'n- o'revc^n sls t e hjf t ha n o u t do or t em p erflture s h er e in early June, 
v.-- Seeds thefefoT’e germinate fester and I can keep the soil evenly moist during the cruciaj 

time of germinafion. . . / ' •■* . . . ' 

I can&lso set rlye plantspout^.already several inches.lii-gh and hardy, in any configura- 

- tion I like. They are properl/ "Spaced and I fenow /hey will remain that way . I have never 
been able to achieve thisddhi of symmetry (with/ut a lot of effort and frustration) wl\en 
sowing seeds directly in garden beds. Starting the/summer garden in the greenhouse is thus 




















a yiQL jvy i ui jiiv^ anu jicio ^iwuuu uawuuuih i | 

Many flowers can also be transplanted into the greenhouse in fall. If you are careful 
to get all or most of-the roots, they will continue blooming all winter".'Petunias, pan|ies and 
marigolds are the three I’ve transplanted successfully. 

Generally it doesn’t make much sense to dig up Hardy perennials that are well estab¬ 
lished in the garden, bu't you should follow your own preferences in deciding What flowers 
to tra nsp lant. W hen you do get ready to bring them ill, dig up* the roots with plenty of soil 
around them. This lessens the’shock of transplant, decreases the dan^eiiJof-dafnagirrgThe^ 
roots and gives the plants the iIlusionJliaJjhQj±U-n^^ to them. By the 

time their roots havejgrawn-beyoncf that ball of soil, they should be firmly grounded and 
ready to :COpe with any differences in the growing conditions. „ 


1 

■* 

" • & 

MAINTENANCE 



Watering. The amount of watering that green house plants need varies according to the sea¬ 
son and-climate. In summer and over prolonged periods of clear days (any time of the 

*' ^ • J . ' ♦ j 

15 year) they will require more water than oh cloudy days and during most of the winter. 

Determine the amount of watering you -will neechba'sed on personal observation ahd ex¬ 
perience, T-h e-best-way is - to stick your Index finger/ down into the soil. Tlie soil /should 
be moist, not slushy. '■ .; 

DO.NOT OVERWATER! A greenhouse uses much less water than an outdoor garden. 
Humidity should not be a problem .in the greenhouSq if you run it properly. Overwatering 
can rot the r^ots and create other problems. Use rainwater whenever possible; it is good 
for the plants. '• • ■ . ■ , - .1 

In wafm~weather the best time to water the greenhouse is about noon. In summer 
- evaporating water cools off .the* unit and keeps the temperatures comfortable 'during the 

* . . ^ ■ * . i , 

afternoon. In winter a morniftg Catering with lukewarm water will help the plants after a 


cold night. During the cold months if is best not to water on cloudy days. 


j The equipment you .use cap He as simple as a large watpring can. In*the summertime 
you can water'the greenhouse with a hose from out of doors. Ideally, though, install a 
hose in the greenhouse for year round use, with an inside'faucet to attach it to. Incorpor- ^ 
ating such an arrangement into the design of yourjgreenhouse will save a lot of time and 
work. Also, ! recommend buying an attachment that will allow you to spray a fine mist, 


beneficial for newly planted seeds and yoYmg’see’dlings.” ™ ~ 

; Slow watering ts always preferable to quick, forceful watering. The soil is better able 
to absorb the moisture and you’ll get a true idea of haw much the ground needs and can 
use. A quick flood will not penetrate as deeply to the roots and moreqs lost through evap¬ 
oration.. . . ■ [ 
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Air circulation. Plants need good air circulation. In the summertime this is aided by having 
the exterior door and all exterior vents open. On winter days open vents to the house. Al¬ 
ways keep fresh air circulating through the greenhouse. 


Croj^ JLLO-tat-iorr.'Rotating crops is a highly recommended melh.od of maintaining"healthy 
soil and getting a good harvest ov era, n umber o£y ears.4 )if-fererrt-c rops take -v ai y ing amotin Is 

of nutrients OUt of the soil ; gome - y Vt'-V ——-— 1 --— 1 -— 

. The “heavy feeders”' include tomatoes, cabbage (and members of that family), corn, 
all leaf vegetables such as chard, lettuce, endive, spinach and celery, cucumbers and squash. 
They need to be well fertilized and should not be planted year after year in the same bed. 
...... a .Legumes (notably 'peas- and beans, including soybeans and lima beans) are good soil 

builders; they “fix” nitrogen from the air, storing it in the soil for plant use. By alternating 
jCC0Ps:j3'f a healthy 

-balance of vital elements. - ' 

- A thi r d category consis te-of-crops called “light feeders.’-Herbs and root vegetables 

.belong- in this group. If you’re uncertain about how to classify a plant, it’s Usually safe to 
include it here. , \ ^ 

Flowers break down into these same visions. But unless you put all of the beds in* 
-to flowers, they should not presents. bi g Prob lem. Just relocate them from time to time 
'and keep tlie soil-well fertilized.” / / - 


Companion planting. Vegetables and Bowers grown side by side compliment each otiter 
and make 'the greenhouse more attractive. Companion, planting, mixing one plant with 
another iii the vegetable row or flower bed., is good practice in any garden but is especially 
b e n e f i g i a f i n t h e gr e e n h o u s e. . • • ■ 

. Some Jasons- for companion planting are: certain plants excrete a substance above 
and/or below the ground which protects the plant-other plants growing nearby also bene- 
fit; a plant that needs a lot of Tight may be- a good companion to one that needs partial 
shade; a deep rooted plant-may benefit a shallow rooted plant by bringi ng up ^nutrients 
from deeper soil layers. Companion planting increases diversity in the greenhouse and tends. 

i Q \ ' ' ;._ ■ - - - I 

to frustrate insect feeding and thwart build-ups of insect populations. The Vanda’s plant 
lettuce, radishes and“other low growing vegetables under their tomatoes,-peppers and egg¬ 
plants. They pldnt clumps of herbs such as-basi-1, anise and coriander throughput the green¬ 
house. Garlic and marigolds are found'in each bed. Frances Tyson keeps garlic growing not 
only in many spots in her greenhouse, but also ground up in a j.ug of wa-ter.in her fefrigejrd- 
-tbr-so-that she can spray any"wltiLe fly, cabbage moth,"aphid, etc., Which dares enter her 
greenhouse. ■ \ ( „ : 

;> v ®' e careful when planning the layout of your crops; companioitlplanth-ig. does take 
some thinking through, there are obvious mixes thahviTT hbFwork-two plants -that grow 
tall, tw.6 that have deep .roots ap'd, so on. Some-plants ido not Like other plants. For exam¬ 
ple, kohlrabi and fennel should not be planted next-^o tomatoes. Spine-plants that do well 
together are carrots arid peas, kohlrabi and beets, tdmatoes.and parsley, celery and bush 
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companions as border plants. 


DOGS AND CATS 




j Pets can be a nuisance in the greenhouse. Dogs with their bounding energy can trample 
seeds and plants into oblivion. They also love tQ.dig..into,a_ndJie down in a moist bed on a 
hot summer day. Cats consider the greenhouse beds a custom made kitty litter, box. In gen¬ 
eral, all the problems you are likely to have with dogs and cats in an unfenced garden exist 
in the greenhouse, A gate or screen door is usually sufficient to prevent animal darrjage. , 



INSECTS 

Joan Loitz, owner of The Herb Shop anh Solar Greenhouse in Santa Fe, New'Mexico, 
(see Chapter Vll) has prepared a Bugs in Your Greenhouse manual which we are reproduc- 
ing-here: . 

. ” . •* ...•■■• . . - * 

BUGS IN YOUR GREENHOUSE , 

Greenhouses, are special places—good for you, great for plants and of course potendal- 
, ly suitable for undesirable pests as well. Have no doubts that in time they will find you! 
You could build a greenhouse hi the middle.of a desert and...one day the sings will appear. 
You could have a most tidy greenhouse, but a summer breeze could carry aphids or white 
fly in.to take up residence on your tomatoes. • • ~ ’ : , ~ 

WHAT TO DO 7-TWO STEPS ~ 


1. Prevention, is the best cure:- * 

Maintain proper growth conditions for plants. When we don’t get proper rest, food 
and exercise, we are more susceptible to infection, flu, disease, etc. The same is true for 
every living organism, your plants as well. Be sure to provide them With proper water, fertil¬ 
izer. and temperature conditions and they will be able to stand off bug pests more easily. 

Steady observation. Make-a habit of checking 6 plants regularly./Keep on top of any 

/ J " j -v • 

pest problems; they are much easier to control when not widesptead.: ' . 

Maintain proper ventilation. Interior air movement produces stronger plants and deters 
many insects. 

Sanitation. Periodically remove dead, decaying or infested matter from plants. Keep 
floor and bench areas clean. When reusing potting containers, ,b e . sure to wash thoroughly 
and sterilize fot one hour in a mild bleach solution (10 parts wat^r: 1 part Clorox). v 
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Take Action Immediately. When you spot some undesirables, what/are your choic.es? 

First, there is topical treatment, i.e., sprays, dusts, etc. \ 

(1) “Organic”: Some c^fthe suggested “organic” sprays, such as garlic and pep¬ 
per juice, have very limited sueqess in greenhouse condition^. » \ 

(2) Botanicals: These are naturally occurring pesticides. They biodegrade rapid- 


A, 


-r,ly and haveTlilllei^idUal e(Tecl.‘Nicotine~ rotendne. and pyrethrin are the major 
botanicals. Very suitable for Use on edible plants. NOTE: Nicotine is fine, as an 
insecticide but don’t let smokers touch your tomatobs or smoke iri the green¬ 
house. Tobacco mosaic is a tomato disease transmitted by touch. Smokers-wash 
. your hands before fondling tomatoes! ! 

„(3) Chemicals. First there is the heavy- duty 7 stuff. Usually will produce quick 
results but do not degrade rapidly and have a high residual value. Chemicals are 
not recom mended e^pec-ia-lfv -fer greenhouses that are aTCacITecTto residence|. 

Then there are growth regulating agents. These are sprays which interrupt 
the life cycle of a plaint pest, thereby inhibiting their ability to reach maturity 
and reproduce. They are just beginning to appear on the market. 

Systemic insecticides are chemicals that are mixed with, water and then fed 
t to the plant. The poison then permeates the entire plant. When pests take a bite- 
-they croak. Obviously, this is only for use on ornamental plants.. . 

Techniques for spraying include hand spray ers'flike an old window cleaner 
bottle ) which are great for small jobs. Ohe to two gallon press,tire pump, sprayers 


are better for larger jobs. When iiydoubt—DUNK! 

/ 

/ , : 



Treatment mixture 




X 


Put a plastic bag around 
the pot-.-fasten.<it stem. 


Turn plant upside down in- j 
to t/featment mixture, agitate 1 
relnOve - 


B. 


. ■ \ . o , \ \ ; 

CAUTION! Remember, all pdstibides, botanicals q,s well as'chemicals, arei 
poisons. Use only the recommended dokage or less. Keep children ahd pets out of 
the greenhouse for a safe period after th^eir use. Use'a mask if possible and glovesj 

during application. . ' * i \ i ' . ' / , 

l ; . / I / 

| ‘ t | --. .... v / ■ *. j ^ 5 ■ • ■ 

Another choice is biological control: u^ing bugs-that like other bugs for lufich 
(1) General'Note: Biological control aftempis to keep botlybeneficial as weljl 
as haon'tul insects in balance. Pests are only considered as such when their num¬ 
bers are out of control. Predators actually feed^ on .their prey. Paras ites-seek tip 
complete their life cycles on or inside a specific host. 

They are very effective in greenhouses! The ust^of predators and para|ite|s 
for pest control \Vas very widespread ii/the T920’s arid/ 1930’s in England;and 

\ 1 \ T j. - 

Canada. When Wofld War II .came and with it DDT anda/ltl) pother petro-chefni- 



/ 









cal s, \y c up f o r tu na t e 1 v ah an do n ed m a-n-v-o f -th e olderand saner practices. We got 


seduced into believing these new methods were always better. As we all know , 
now, the price to our environment and quality Oflffe has been very high. Many 
plant pests have also been able to develop iminunities to sprays. Thus, stronger 
chemicals have been developed; the cycle i-s .indeed dangerous. ■ / • 

Predators and parasites are simply released tq munch away an infestation. 
There are various types. ' J'- \ . .— 

(2) Broad spectrum predate^ and parasites: \lady bugs, praying mantis, green 

lacewings, trichogramma wasps, etc. \'. * 

o , . \ • • . 

These are jnature’s own and always good to have around.'they have 
limited effectiveness in greenhouse situations. They’re called broad, spectrum as 
most of them prefer a smorgasbord of insects for lunch. They like a little of this - 
and a little of that. Also, they are highly mobile. You can go through all kinds 
of efforts to bring in hundreds of ladybugs to your greenhouse-, then after three 
days you won’t be able to find any more around--because they left to find some¬ 
thing else for dessert.' 

(3) Frogs, Toads> Salamanders \ . 

• These are great to'have around. They will eat big spiders and the grasshop¬ 
pers and crickets that will just love to call your greenhouse home. They niu§t ^ 
be removed if you use any pesticides. ... \ \ . 1 

(4) Host specific predators and parasites. Very effectivkin greenhouses! 

Nature’s own—these are insects, usually quite small, that prefer only one or 

two types of 6ug for lunch. They jare not as mobile gnd as sucl^re more effec¬ 
tive in greenhouse, situations. There are predators or parasites f^r: spider mite, 
white fly, scale, flies, mealy bugs. \ ‘ t 

(5) Maintenance of predators'/ Ori'ce a colony is released, the problen^arisesthat 
tlfqy will die of starvation when they have eaten all their host. fio to sustain a 
colony keepp “sacrifice” plant on\which you allow a particular infestation of 
pest to continue. Periodically ^emoveXa few of the leaves and place them as food 
in areas whqre you know theqrredjitors are still at work. 


Here are some liiechanical methods of pe^t control. t ' 

(1) White fly, for example, Jove the color yellow. So, by hanging.common yel¬ 
low fly paper next to tomato plarfts, then shaking the plant, you can catch quite 
a few. 

(2) Cold'fumigation: most plant pests cannot survive a week without food. 


Thus, if-you pick an.appropriatc time when there might be a lag in your planting, 
schedule during the winter, just open ithe doors anthier tlVe greenhouse freeze 

% - fc / .. •' * - \ •• 

out for a week. ;*- - ' / • « ' 

(3) •Thumb and forefinger sqa^sh |jf you’i$ squeamish, wear gloves) 


"t* 


(4 ) Vacuum cleaner inhale ( 


I on white fly) 


.*1 
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D. Companion Planting: Using plants that have a “bad taste” to repel pests from , 
plants they find appealing. Marigolds, onions, garlic, chives, etc., planted near toma¬ 
toes tend to repel aphids. Many herbs such as sage, rosemary, thyme, rue, tansy and 

• • . ' ' \ * 

wormwood are also,effective. A 

" * - > 

a, 

E. : Trap Plants: Growing a specific plant to “trap or entice” a specific pest. Forex- 

ample, white fly is drawn to tomatoes like bears-to honey. Plant one in your greep- 
house-when it’s loaded with white fly-gingerly remove it-dump it iif a sack-then 
destroy. ‘ ‘ - 

•» . "i 

F. Genetic Resistance: Many plants have been developed with built; in resistance to 

various plant diseases ^nd pests. Be on the lookout for these varieties in your seed ca¬ 
talogs. : * ■ 

■ 

Want to have some fun? Get a 10 power lens. Start poking around looking at leaves 

and bugs-up close-they’re fasfcinating and kids love it! ' 

v. . . . 

Reference Books ; 

Most plant books will have sections on bugs, but 2 very good knowledgeable referenc¬ 
es are: > 

The Gardener's Bug Book (4th edition) 

f by Cynthja Westcott, Doubleday & Co., Inc:, N.Y. -‘* 

® The Encyclopedia of Organic Gardening y • • 

Rodale Staff, Rotlal'eT^ress, Emmaeus, Pa. - 

^ p.- ■ , h •; 

Sources of Supply: . " \ , J5 . 

Topical Insecticides: Most local nurseries and plajit shops. 

Biological Control: ■ r ' 

Biotactics (predators for spider mite)' " 

. ■' ' 22412 Pico St. ^ . .' r 

Colton, CA 92324 - 

* Rincorj-Vitova Insectaries (predators for spider mite, scale flies 

.—•’. — Box 95.' : mealy bug) Also trichogramma,lace 

• A Oak View, CA 93022 wings. x • 

» The Herb Shop (predators for spider mite, scale, white fly^ 

1942^2 Cerrfllos Road . 
r Santa Fe, N.M.' 87501 

■ Bio-Control Co. (ladybugs) 

... .10180 Ladybird Ave. 

Auburn, CA 95603-- - -I- 











PEOPLE AND PLANTS 


? 


\ When children are old enough t-o contribute tjieir love and labor to the greenhouse,' 

V1 urge you to let them. The only skill required for planting, watering and harvesting is judge- 
\ment—and perhaps intuition. it , ■ 1 

. \ Jn my experience, children love to U I // j 

" work with plants and the plants seem to l\ l-/ / j 

benefit from the care of children. The re- \ jl/l ' 

spits ate fairly immediate and highly vis- 

grdws quickly. Children have a single- x '' 

• minded kind\of energy that can be chan- * 1 


FIGURE 49 














CHAPTER VII 


The 


State of 


the Art 


In this chapter we’ll give yop an idea of what’s being done in the field of solar green¬ 
house design. As you will see, there is.no onq solution to combining greenhouse features. 
These structures, which are only a representative selection of the kincjl of work that’s going 
on, offer an amazing variety of approaches. Most of the designers and owners are happy to' 

1 share their knowledge and experience; we urge you to contaxrt“thern-f-or-rnore-infomration— 
When writing th^n, always enclose a self-addressed stamped envelope. Many sell detailed 
plans and offer consultant: services. You'w^fll notice that the designs include freestanding 
unit 3 ., attached or retrofitted models 1 , and newly built greenhouse/hohie combinations. 

\ We have divided this section up into individuals, research institutions and organiza¬ 
tions, and manufacturers.. ’Sometimes they overlap. 7 > 


INDIVIDUALS 

/ fi 


The Herb Shop 


(This unit might be considered the mother of solar greenhouse design (see Figure 5QJ. 
As far as I know, it was the first such commercial greenhouse in the United-Spates. The de¬ 
sign is\fc$sed on the work of the Brace Institute^in Canada) and T.A. Lawand. Joan Loitz, 
the ON^ner, adjusted the angle of the front face and the reflective back wall to correspond 
to the'latitude of Santa Fe, New Mexico. The north wall is at a 78 degree angle.(angle of 
the suri at summer solstice) and is insulated with 4” of t’iberglas. The interior is paneled 
with Mksonite and painted with a glossy white'enamel. The rafters extend from the~rooT 
peak to the ground and were originally uncovered for the lower 10 feet. Joan covered this- 
area with corrugated Lascolite ;to make a greenhouse “preheater,” or “buffer zone”,and 
cold frame area. It stays about 25 degrees colder than the main greenhouse at night. This 
addition \post her 9,0 cents per square foot and gave her an,extra 480 squarg feet of grow¬ 
ing space.; . ;— 

Occasionally a customer will challenge Joan about her use of supplemental gas heat¬ 
ing. Sh e r eplies t hat sh e’ s in the busine ss, not p laying games, and that the heater is the 
TriostcosFett'ici'ef^vay ot backingup"a'sysfenTthat's.80 perceiftfsi©Tar.ToTiTesfiinateslhaf 
it would cost her^3,000 to install an active solar system to capture the',20 percent nop- 
solar power ( that the gas company furnishes. Her avei*age $32 a month gas bill for the eight- 
month cold'season compares to $160 a month for a similarly sized conventional green¬ 
house in the area, and bears out the effectiveness of her .design. Incidentally, she’s run: 
ning 70 degree nighttime lows, which is considerably higher than those maintained in non¬ 
commercial greenhouses. ’ 
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FIGURE 50 


Some thermal storage is provided by sixteen 55-gallon drumsfthal also double as table 
supports. Although these drums receive little direct sunlight, they do contribute to heat¬ 
ing when the ambient.air drops below their temperature and help to stabilize temperature 
fluctuations. 

One drawback to the design ot this unit is that the entire clear area approximates a 
normal ingle to the summer sun. This may be all right for Quebec, but it creates overheat¬ 
ing and plant-burning problems in Santa be. Joan has used some ingenious low-cost meth¬ 
ods to combat this„probleni. One of them is to attach a $1.98 misting nozzle to a, hose and 
hang it in front of the air circulating fan. Thfe%vill lower the temperature 10 degrees in 10 
minutes: she turns it on several times during a summer afternoon. She also trains scarlet 
runner beans up the west wall to block some of the afternoon sun. 

Joan and I have often worbfil together in planning community solar greenhouse sys 
terns. Her particular expertise is in organic growing methods and biological control of in¬ 
sect pests (see Chapter VI). She ships 100 varieties of organic solar-powered herbs all over 
the world.. You can order from the address eiven below. 


Owner: Joan Loitz. I lie Ilerb/Shop. I 042'/’Cerrillos Rd.. Santa be. NM 87501 
Designers: Brace Institute of McGill.University, and fils, l oitz. 

Builders: Joan Loitz and friends 
bloor Area: - 1 POO square feet 

Clear Area: 1042 square I'get (greenhouse): 48 0 sq uare feet (cold frame) =1592 to¬ 
tal square feet '■ 
























Thermal Storage: Sixteen 55-gallon drums ( 880 gallons of water><^3 
Supplementary Heating: 1 50,0Q0 BTU (adjusted) natural gas heater ■ . • . 

Material Costs: S3.40 per square foot, plus beer (1974) 

Main Function: Wholesale, retail and mail order sale of organically grown herbs 


Wesley and Frances Tyson f 

\ [ r 

! t 

1 designed and built the Tysdn’s solar greenhousejpr them 'sh'br-tly after they moved 
from New Jersey to Sahta .Fee After examining their property, 1 told theTysons that there 
was no way to attach the unit to t hei r home without demolishing several tre^s^ranCes 
didn’t really care, as she considers most of the large imported trees surrounding her liome ; 
water mongers.anyAvay. But 1 didn’t want to be the assassin. So, we decided to build an 
independent greenhouse oh a hillside near the home. At that location the,unit could be 
sunken about 4 feet into the hillside and the north wall earth bermed (earth piled against 

* , : I ! 

the wall above grade).; •? ■■ 1 

This unit has proven to bejthe best in a long series of my designs and contains several 
m port ant innovations that seem to wq>rk well together. The tilted back wall (alter the 
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Brace Institute design) guarantees, that thl plant's get sufficient n^rthiight (reflected),all 
.year. Jhe wall is a tight sandwich of insulating materials. From1 fein^ « nut ft contains: 
1 /4” shejetrpck, textured and painted -glossy white, alppimum foil, 6” fib&ilas^dnsulation, 
W Celotex .siding,.6-millimeter black; pofye^yene, ^nd 1 overlappit^lrough lumber 
* (Figure .51). * \ ‘ ' ** . ... 


-Jhe south wajl is at a 75-degree angle to the horizon and [S framed up on a low (16”) 
concrete-filled, pumic'S block wall.'’The southerpiskin is-approximate$~fltf square feet. 
The. south-sloping root has alternating clear ‘(fiber acrylic) and 'opaqiie (tin, insulation, 
sheetfock) panels.A roof vent, is set into one o'f the solid.panels and is^opened.by ain auto-^ 
matie-heat piston. . _V'.. ’* y ' 7 . V. A ‘ ; /■,; ] 

' - The roof may“be the key tattle successful .perform arfee of'the structure. My broiher- 
in-law, -Paul Bunker, collaborated with me on the design: Because alternate sectiqnfofThe, 
roof are insulated,-the unit stays warmer in the winter and much coolep"^^ Summer. 
The solid roof sections are also perfect tor mounting hinged moveable panels if extra in¬ 
sulation'were needed. In this gjeenhbuse there is only 50 square feetfof^Iear roof approxi* 
mating normal to the summer sun.. ” •. ” 


Another important, faetprin the design of the fysore,greenhouse is that it is oriented 
25 degrees southeast <0*du£ south. This £\igle was determined .mostly by the lay of the 
land and our desire to alter the natural environment a-s. little as possible. Since very few 
morning rays would enter-the greenhousephrough the east wall at this orientation, the east 
wall is-70 percent opaque and insulated. Tlfe inside of this solid, wall is reflective (tomatoes 
•thbt ar^ situated directly in front of it show excellent blossoming and fruit^et^Sfe'ie -west 
wall is clear. - ' _ . ,; . - . .. ' , 

Thisrgreenhpuse was designed to contain ten water drums apd haye moveable insulating 
panels on the roof: With these provisions, I estimated that: the Wit would maintain 50 
degree interior JemperatUres a.t -IQ 1 degrees outdobrs. With only four drums installed and 
without the styrofoam panels in place,,the greenhouse held a 43 degre#low at -4°'outside -■ 
That’S truly remarkable arid I can only attribute it to the roof design and the mass of the 
insulated .block walj (it has an inch of styrofoam on the outside surface):.,. > • ’ 

J. ’.' Frances Tyson; is an experienced gardener. For years she liad'a large organic garden 
back in New Jersey!. Frances uses, growing techniques that* would make a cftemicatty ori¬ 
ented gardener turn over in his sodium nitrate. She Uses.relatively “hot” manure, heavy 


green mulch, never sterilizes anything and plants extremely* densely.- I’ve never*seen a 
greenhouse'' that: could match the level oF«produ , ction she gets out of the space she has. 
Some of Frances techniques arc discussed in Chapter VI. This amazing woman also find's 
time to build soljar collectors out of beer cans, and to speak to anyonejwhtf will listen about 
the development: of solar energy and the abolition of nuclear-power. (See Figure 52.) 

' I * ~ ' * I * , 

■ - ■ . i * 

Owners: Wesley and Frances Tyson „ . '■ . * . .. 

'.Designer: Bill Yanda ' . \Y ' , " ’ 

Builders: PaurBunkbr^ Susan and Bill Yanda > ‘ > , ' ' • 

FloOr Area: 180 square"feet ■ V \ ■- *J. ' .• . 

.Clear-Area: South-face = 110 sq. ft.; south toof ; = 50 sq. ft.; east wall- 25 sq. ft.; 
“west wall = 50 sq. ft.' 




Bill and Katherine Otwell live in a .passive greenhouse/house combination that Bill.and 
Michael Frerking designed (s§e Figure 53). The aryazing thing about their home is that its 
tot|il material cost was'Sl.500, and that includes a solar hot water heater. It took the 
Ot^/ells and Parking three, months to complete the. 650 square .foot structure. The walls 
of xhejtome are raw' adobe bricks, made on the site. (In more humid parts of the country 
stabilized adobe should be’ used.) The walls are insulated with I” of-stvrofoam o-n the out- 
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Jemez House Bovs’ Ranch' 


•The Boys’ Ranch, located near Espanola, New Mexico, is a* place where hoys with, 
learning disabilities or unstable family conditions are cared for and educated.'The man who 
has" had a great deal to do with the development of the large’ solar greenhouse on ‘the.pro¬ 
perty is Bob Detwiler. Bob has had sixvyears of experience .in ‘greenhouse operation and’ 
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management. He is also a professional counselor for the retarded/and for young people with 

learning problems. He sees the greenhouse as a natural rehabilitation device: “Everyone 

w - s - - * „ i 

can profit from working with plants. I think one of the reasons for this'is^hat there is a 
kind of natural feedback mechanism involved. When tlfe plants do well, they-show, .us the 
right way"oT'workjjag with them. In this way the plants validate otU' innate intelligence.” 

The original design for this freestanding greenhouse was conceived by Jay-Davis. It 
employed a system of exterior insulating panefs and shading'devices that Bob felt was too 
complex, so he asked the Sun Dwellings team to modify'^he design. They incorporated 
•most of the features of Davis’ plan, but they eliminated the panels. The Sun Dwellings de¬ 
signers decided they could create air acceptable year-round growing environment by increas¬ 
ing thermal storage in the roek-be^Mii^ adding a pimple system of fans to tap s the apex heat 
and blow it down through the rock storage"? Fidel Lopez, the manager of the physical plant 
at the Ranch, further amended the angles of the roof to produce a basic 45 degree-A-Trame 
structure. This configuration will begin to shade the north »wall at solar noon on the spring 
equinox. _ ' 
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. The active heat transfer system 
- uses four ,10” Fi-horsfepower fans. 
The ductinf^'s 10” reduced ttr8” 
galvanized-steel stoyepipe'(see Fig- ' • 
ur&> 55), Ejrcgss,heat is'exhau$ted\ 

through,, three 18” roof vents. 

, . . .:%«! . « * “ . ' ^ 

* rMor.e venting is needed, however,- 
1 %nd Bob plans to add low west and' 

; high east,vents in the waits. 

X ‘ For the first winter’s Operation, « 

'the active air-circulation system 

• Hwasnot completed. Even without 
jt'. -the 'boys began planting at the ' 


\ 


end, of January’and produced a 
Iiealthy cropwpetunias, Cabbage, 


FIGURE 5 5 . , “ * 

• tomatoes, and chili. With only passive diredt-gain storage in theJbck beds, 4'5-degrees was: 

the lowest temperature recorded, with a'TiFtge-n> degree outdoor low-. Rob hgs estimated 
that with the active system-in operation, on'a. good solar day in winter approximately one 
million BTU’s will be vented from the unit to help heat the frosty'air of the tippeT^fo 
.Grande valley. That’s one-disadvantage of an independent greenhouse/- .. , 

* ,, 1 °- • ' ; £ ' J • 

The Boys' Ranch looks forward to next winter, when the greenhouse will put a full 


array of fresh vegetables on the dinner table.. 


Owner 


1 

: Jemez 


House i : . . . 

" . » o - ■ , ' 'i 

Designers: Jay Davis. Bob Detwiler, Surf'Dwellings Design team,_a,nd the Yanda green- ' 
house class. , ** . ' ■ - 


-§ 


Builders: Bob Detwiler, Fidel Lopez, boys and staff of JemeZ House, Los Alamos 
Civitan Club, ’’ , ' ' •••.'-•». * ' 'va 

• Floor Area: 900 square feet (flocfr 5 feet below-grade). 

'Clear Area: 720 square feet (front face). 

. -5 

Thermal Storage: 70 tons of rocks (assorted sizes) and earth berm. • / 

Insulation: Perimeter = 6 V of sawdust in plastic envelope: roof ,= 6” fiberglass; door = 
2” styrofoam and 1” fiberglass * / . 

Material Costs: S"3.88 per square foot. $3500 total 

Main Function: Supplementary tood production, retail sale of starts and bedding 


s. 


Hamilton Migel 


A" 


* ■ 


Hal M.'igel is a designer and builder of exceptional talent. I first became <aware of his 
professional skills seven or ? eigljt years ago when every adobe-mudslinger I" knew was saying,’ 
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FIGURE 5 6 


“have vou seen the detail wojk in Migel’s 

^ • • 

newest house?" Attention to detail, func¬ 
tion and form personifies his work. _ 

Migel was the first person in this re- - 
gion to demonstrate that a greenhouse 

s 

could be the primary, heating unit for a- 
large home (2500-square feet). He did it 
witlfspuie revolutionary innovations: & 
The dpuble-walled clear face is sep¬ 
arated (or inflated) by a small fan and is ^ 
supported by thin steel ribbing. The entire 
clearwalheart be detached from the ereen- 
house front in late spriitgneaving a lovely 
outdoor garden i'n Removing 

the cover also provides ^fclcar view 40 
the outside (also see Solar Room. p. 1 37). 

Warm air- is ducted front the green- 
house apex to a rock storage bed Cinder 
the house, then back intoyhejanit to com¬ 
plete the loop. Radiant heat from tljy .con- j 
crete slab*’over The rock bed warms the 
house. The system provides approximate¬ 
ly 80 percenrof home heating. 
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„ .Owner:' Hamilton and Candice Migel 
•Designer:'“Hamilton Migel / • ' ; 

Bingham and-Migel *JnSl 

Floor Area: 400 square fegt (greenhouse) i . 
.. diear Area: 500 square feet (greenhoiSe) 

Horne-Floor Area: 2500 square feet ' - 

‘ Thermal Storage: Rodk beds under flddrOf hbme % 


■y¥ 


1100 to 2200 cubic feet per-minute (see intake vents, upper Te 


\ ’ Air Circulation: 

Figure 

Main Function: Home heal^•vegetables and flowers'. % A 


% 
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David ’J. Ma cKinnon-- 


.<4 


‘-JS. 


MacKinnon is not qjply a scientist‘wifh sterling credentials but also a visionary 
-with the hard data to- back up his statements. In conjunction "with Vin ceht J, Scjiaefelr of 
the State University of New York at Alb.anfy, Dave has written a very, comprehensive paper ' 
entitled ‘‘Can Vegetable Productivity be Economically Increased in the Nortlieasterh United 
States?” The following excerpt*givesj4iis economic rationale"for home greenh-Ousesrand 
ggme spatial crite\ia for th$ design s- jv 


_ As part of a greenhouse research Iprgtgram-conducted by the Atmos¬ 
pheric Sciences Research Center ofthe 5tate,;U*niversity of Ne.w York.\ 

* at Albany, I^odale Press, The. y and the Museum, of Northern; Arizona of .i 
Flagstaff, Arizona, a greenhouse is being developed for the purpose of .! 

% providing the individual consuitier with vegetables from-the home gar- j 
den. It is hoped that the greenhouse will not just supplement, but pro- * 1 
* vide almost all vegetable needs. The greenhouse is planned to use little. 
(or no energy, other than solar,-to maintain a plant growfh environment' 
year long in : severe, climates, A detailed cost analy sis Tor the initial de¬ 
sign of the greenhouse has. show.n that the materials* wiltcost r fro.m 
$2.50 to $3.00 per square foot oT groV&iffg area,ebvered (retail prices 
’ in Flagstaff, A^zona). After material Tes-ting, it is hkfly The costs Can • 
be reduced $0.25 to- $0.50 per square foot,of growing area. Construc¬ 
tion, will be sufficiently simple .to- be performed by the home ownerf 
. • himself. The question is: How sconpmical is it to grow your owh With 
this greenhouse? .. * , v , ^ _ * ‘"’V 

- Statistics for 197 1 show thaT roughly 200 square feet of field space. 
Jvas_requir€d Jo"'provide the per capita, yearly consumption of fresh 
and processed vegetables (considering Only the most important vege- 

* "tables: lettuce, onions 1 , tomatoes, cabbage^ celery; carrotsj cucumbers 
■ and green peppers). The greenhouse can be at least'5 times -more pro¬ 
ductive per acre than the field crop, thus requiring 40 square feet of.- 
greenhouse to feed thfe average person every year. Thus, the capital.in- - 
vestment per person for the home greenhouse space is r between $ 100 
and SI 20. Taking the difference between the retail price for vegetables 
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purchased, in New York and the average, 
farm price of those vegetables (the farm 


price is probably higher than the actual \jgpg yypgg 
home grown production cost) yields the ''I;-' ;. : :iWW§3fM 

markup the consumer must pay for vege¬ 
tables. Multiplying the markup by the 
consumption rate for each vegetable gives 
. the potential savings achieved by eating 
' hoipe . grown, fresh vegetables; this a- 
mounts to-.S 14.09 per person peP'year.for. 
all fresh vegetables in 197-1. Since the 
.markup^ .for processed vegetables is.at ® 

’least twice the fresh markup, five use of 
home grown fresh in place of processed 
..saves roughly an additional $28.18. A to¬ 
tal savings of about $42 p'er, person 8 per 
' veaYvCan.be.achieved,The greenhouse capi- * , 'figure? qs. - v 7 

\ ^ ■> o ■ . . ’ ’ * tal investmentk,can be paid “off in three 

.. '.7 • a f . • years! The designed life of the greenhouse • * 

; ' - \ -• • \7 is at lea§t 20 years, giving about "17 years' 

• " ' . v offlow cost', high qua-lity vegetables! By 

<' f ' 7- . .-.' going home grown the savings are not 

' ■ ■" ‘ 4 . • . really spectacular'-but thep/fjeithe-r is the 

ant oun t Wege talke s the- average person 

consuni* Perhaps when there is little - 
else fo$eai, vegetables vvill be vvorth their 
• wejght in. gold. Thera ’is no telling vvlwtt " 
f"§§. »the ini pact of developing a ho'me grown 
5 technology will be—it may sink or swim, 
m . we! 11 see in the years to'come.. • ' . - 
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9 FIGURE 5’9 


C - * ; .» 

- The paper also presents major alternatives to a possible food disaster in the highly 
populated northeastern, part of the United States. * , ' •', c> ' . ’• 

't)ave is^also- busyv'tle.sig.ning and buildihg'the vervy exciting solar greenhouse shown in 
the photographs above^^y " / 


Douglas Davis * • , * ‘ ' . 

Doug Davis of Gunnison. Colorado,, has designed a greenhouse appropriate to his area,' 
•using a water storage system heated bv hot air collectors made of metal lath inside the unit 
(see Figure 615). The collectors arfc single glazed, with the greenhouse clear wall serving as 
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FIGURE GO 


a second insulating layer;/Davis.’ design utilizes\2000 alumnitii^beeroat^Sl led wi.th'w.atej' 
ii\.a heat storage bin locatedmnder the growing ai‘ca. ATaffiant rioCJj: l^ej^s fl*e in terior warm 
at night. Moveable Insula ting/reflecting shutters also-reduce n'ighYtimfe' lie^a-t loss and pro-feet 
the glass from vandalism, • ' # i "'i , * ' • \ . 

In the first winter ot operation, the Da vis’g'neen house heltl temperatures in the hialf 

. \f‘ v t. r** - • # ' r f • ' gj ‘-'fa.. 

40 s in extreme outside conditions of-30,degrees. r i ' - "• . _ 

Do'ug is presently putting together a book on energy coifse.fvation iivbutldiiig design, 
tentatively titleil 7 he IleafrTight House. He also oflV^s consultiijg services on active and 
passive solar.heating systems. For-iuore mlormation.write flint a*r: 313V’ North Pine Street, 
Gunnison. Colorado 81230. V 

























































jfirnqs and Elizabeth DeKori/le 


1, ■ {■* 1- «• ' , -V . ^ , V p-X 

Jim DeKorne is a familiar native in the ttteratq're -of alternate/nefey re^searclv. Ke,vs a 

*' ' . ji * % v- ■= « • rf. M •' ■ • . 

regular contributor to 'MothjeK Earth Niwj, and^Jinfa’s latest Jgookjj'TV/e Stirvi\m l Greeii]iotise\ 


mi 


■•b- ' >«-• v ...«• 


is an excellent sourcerof intormatipn>, par- , ‘-g •. _ : g ' j •/*' ' 

ticjiHarly'in the areas of hy|roporpcs,^ntf 3 " ,„ w 

generation and complex gfeosystein desigg,.. - * - ,. • 

J kn and Elizabeth have spt for •themselves, 
the challenging task ot- building a sej*ft 

* i *“ V . /;’ ' , *\ .4 

sufficient life, style on/one acre of serriP 
aijid, high dStitude lan<| in nortfiern New 
Mexico. * *” , ■ > | .< . , 

I Our main interest /in Jim’s work con¬ 
cerns his use of varie/ci life forms and in- 

i - - " I 

ejependerit pow-er irf his greenhouse, de*- h 
signs. He has foundJfor instance, that in¬ 
troducing rabbits into his pit greenhouse— 

\ . k ■/ s « 

improves plant growth. 'He belieVes that 

t. '■ / • / f } 

the carbon dioxide^hat th£ rabbits exhale 
Compensates to - a A extent for the short 
photoperiod in Winter months. The De- 
Kornes are also fond of rabbit for the 
table, and a pair 4 of breeding stock will- 
produce as-much' protein'in one year gs a 
large heifer provides. 

JinPs system rflso incorporates a wind / 
generator that.' a-r-one stage of experimen- , 
tation. powered an aerator for edible fish ' figure ei - ... . 

t • * t-. * ’ * ' -* * ^ # • ‘ 

that ate soil-aefatine worms whose wastes were useVl to make nutrient solution tor hvdro- 
pohicaljy. growii vegetables...quite a system. ‘V - : 

Tjie 'only reservation.that Jim has about his original pit greenhouse design is that it v 
, was not attached to his house.-The excess heat vented in the winter could.be put tt) good 
-use. He plans to build ah attached unit this summer. ‘ ’ 

1 think that the varied approaches Jim Iras been involved with Warrant furtherTesearch: 

’ ' * . , .. ' * . .. •» <■ 

Hopefully spine new greenhouse build erg. will be interested in developing complex eco¬ 
systems that- will-Contribute to the existing knowledge in this area. ' .. .v * 



FIGURE 6 1 


Edward and Barbara Storms 


, _ Ed Sctorms decided to build an attached solar greenhouse after attending the 1974 

Ghost RanCjaBio-TeChnics conference at which I gave a tafk on the Subject. The greenhouse' 






and a-workshop were to be added to the frame house tha t he and Barb ^^^ a# built. Since 
the 'addition would have no thermal storage c&^acity^n its Tram e Walls, Ed decided to'in- 
cliide a.n;active warm air systenvwith rotk storage under thp unit. - .' * . 

/•'^ Ed encountered many a d'o-jt-y ourself disaster as he worked on .the project. He had-a 
patkhoe jfo do the exe'avating’-and it immediately hit the buried gas line. Then they came 
across a boulder that "even the;backhoe couldn’t bridge They built around it. Ed hired a 
ejSricrefe-comparty*to bring over the mi ; X. The next.twoJi.ours were tjie biggest scramble of 

/ •* ' * *./*'*/ •«,- v“" 

' Completed now, the unit is a clean and attractive' addition to. the home (E;ieure"62j. 



FIGURE 62 


The design work, for the curved fiberglass/polyethylene face was done by Mike Watson, a 
Santa Fe architect^The outer fiberglass is overlaid with molding and hotted to the curved 
steel struts. The",small greenhouse heats Ed's 12 x 25' shop-addition. The Storms' installed 
a back-up wood stove that theyJtaven’t had to Use yet. Heat to the shop is supplied by 
natural convection through the adjoining door. 

■, f “ 1 Ei, - ' 

The 16-yubic-yard rock storage pit lias layers of sand, plastic, then Celotex separating 
it from the-natural volcanic tuft at the bottom of the excavation. Hot air from the apex 
of the unit is-moved down a black plywood duct and through the rock bed. The fan is 
activated automatically when the inside air temperature reaches 70 degrees. Ed’s extensive 
monitoring of the tempera'ture differentials in the rock storage" bed indicates that the front 
(south) of the plenum is not getting enough warmth to substantially contribute to night 

































heating. He believes that the temperature’pjrbfile.of fhe,plentfro wj||^be4ugher and more 
,even if he substituted a larger fan for the '6” squirrel cage blowe| nqw in use. Overheating 
in thc"unit~due to the -all-clear cover could pose a problem.;.though some high shading.and 

- ' v;, 

cross ventina should handle it quite easily. ' ; 

i'z” •* ** £3 / V 

The nighttime heating performance of this.design (even without adarger fan and with? 
out insulation for tfle cover) is quite impressive. It has maintained a §3 degree h 
gree outdoor temperatures. This is good for Los Alamos, at aii''blevatibn.pf 
Hoes have'80 gallons of water in drums fox passive, direct-gaip^torageTseflFigt! 

The Storms’ are diving a refreshing low-energy exrsY^rteeJnhhe suburbs. Theynhave 
some very creative designs for a small lalee^mtl trout stream operation that would utilize* 
rain water captured from the roof of their home. They have also Created a well-planned 
"terraced gardeir|o receive greenhouse starts,'with a cqmpost area to maxiinize'orgamc food 
production ima veryjjffl^^ spaced 




= d FIGURE 63 .» 

Detailed plans of the Storms' 'greenhouse are available throtigh^lEiiergy Systems. 77 
La Paloma. White Rock. New Mexico 87544. 
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Owners: Ed and Barbara Storms - 
Designers: Mike Watson, Ed Storms 
Builder: Ed Storms 
Floor Area: 140 square feet , 


■* y ir* 










T ^ J k \ *i, 

Clear Area: Fiberglass exterior/602 interior ' . • 

Thermal'S torage:. 16 cubic yards df rocks, 80 gallons of water , 
Insulation: 1 “styrofoam around the perimeter and rock bin 
Material Costs: $7.00 per square foot . - 

Main Function:' Winter vegetables; vegetable starts. 

. ■ ' ; ( ■ ' ■ . • ' , v 
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Dee Porter Butler 
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Lee Porter Butler, 'a San Francisco-basedlarchiteet, has'devdoped i design that coni;' 
bines natural air circulation features in a unique way. He calls the*passive design a “gravity •' 
driven heating and cooling system.” It is applicable to houses, larger structures and green- 



r: * 





One i ntere sti n g aspect '* 
of the p,lan is that the heat 
storage medium is cbm-R. 


nion earth-from th'e‘site. 
The most important tea-, 
ture of the/design is thS 
double roof and nortl#wall 

,C. 

construction. If is in effect 
a housef Within a house. 
Hot air f from the green- 
_ house is|plilied' down and 
through ; the 'storage area 
b'y the cooler, heavier an¬ 
ti rat falls down the north 
’ side. This warm envelope 
surrounds the house for 1 
winter heating. In summer 
a roof vent is opened amF 
oiifside* air is pulled 
through, the 55 degree 
earth to Cool the green- -- 
house and home. 

Tee first, built a 4000 
square foot home “based 
on this design for his faim 
ilv while living in Tennes¬ 



see. The first u inter of oe- • . ; •. ' ’ figure es 

cupancv a onee-m-a-cejiturv ice storm hit. knocking out .all power lines-and driving the 
nighttime temperatures below zero. .Tven though the days wefe overcast, with temperatures 


never exceeding 34 degrees, the home held at 70 degrees during the day and didjr’l.drop 
below 58 degrees at night..(with no supplemental heat). Lee opened thenop levels of five 
home to the large south-facing greenhouse and raiser) the temperatures even mpre. , 

’ Lee has dedicated the last several years to refining the design and substantiating, his 


data. He emphasizes that the design demands a full understanding-o! the thermal principles 
that determine dimensions of ducting ami coastfuclioifof the storage facility: and double 
'wall. . ■ ‘ ' ''* ; • * : ' 


Greuorv Franta 


' * . , ■}> 

Here’s an ambitioM-s plan for a totally integrated semi-passive dwelling in the tilpj^e 
climate of Aspen. Colorado. Designed by Greg I-Tanja of the Roaring Forks Research C eh- 



























ter in Aspen, it utilizes earth berm and low profile techniques to Conserve heat (Figure 66). 
The greenhouse has adjustable dark-on top, light on bottom insulated louvres for collect¬ 
ing, shading and insulation (clear view type). The sod roof and natural overhang help make 
th? structure--a cool summer space. ’ - . 



' FIGURE 66 , 

Domestic hot water is supplied by a collector (60 square feet) above the bathroom. 
The water is circulated into a 66-gallon tank by natural thermosiphoning. A Clivius MuI- 
tram com poster is used lor human and kitchen wastes. Back-up heating is provided by 
two wood-burning stoves. * 

The headed air from the greenhousels;blown down into rock storage beneath the first 
story, and that floor receives radiant heat/from the 50 cubic yiirds of rocks. The vents for 
air distribution ar^ manually operated. (See Ficure 67.) , r - 

I I • . - . . • . "5* - ■ \ 

In my opinion, tiii-s*design combines nujmy of the best features of semi-passively htS&f- 
ed homes. The only major loss areas (gain areas) on the south side are all insulated manu^ 
ally. I he bedrooms, where more night warmth is needed, are upstairs. The living, dining, 
and kitchen areas adjoin the greenhouse. It’s quite a sensible design and one that depends' 
on little outside energy to make it function. 
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FIGURE 6 7 
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Lloyd Wartes and Tim Carpentar ' 'A. 

» f " T ^ . 

An interesting design related to John Todd’s earth covered biosphere (blew Alchemy 
Institute, page 1,10) is being developed by Lloyd Wartes, Wartes is an agricultural engineer 
and designer with over fifty years ofexperieficb in a multitude of disciplines. Along with Tim 
Carpentar, aliydropohics experbfrom Colorado Springs, Colorado, lie has designed a green¬ 
house that will maximize natural geologic contours in growing food. Lloyd and Tim expect 
to see Several acres of near-vertical Rockies converted to food production in the coming 
years. ' \ ■-* ' , N > v ; 

The terraced greenhouse will be built up the side of a steep grade (see Figure 6 8f. 
Heated air \vill rise from one level to another, producing different environments on each 
level. Using for example three popular greenhouse crops, lettuce would be on the bot tom, 
tomatoes in the middle and cucumbers in the warm top section. A Chinese kiln lor plants: 
simple and’brfllianf. The Same concept could be applied to your own backyard, providing 
\^bu are perched on the edge of a precipice. ' ' • 
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Barbara and Peter Voute 


This unit lias a configuration very similar to Dave MacKinnon’s independent grsphi- 
house seem on page 97, Figures £8 and #9. 'Bute's tar as I know, they- were designed com¬ 
pletely jndependently oPeach otjier. The south fa’c.e’ismt a 65 degree tilt apd the cle.ar roof 
section slopes away from-the front (toward the north). The two clear panels running the 
length of .the roof are used only in the summer for north lighting. In the winterithey are 
covered' with rigid styrofoarh. to deduce heat loss. • . ’ • 





In designing this unit, I experi¬ 
mented with a glazed direct-gain 
wall. I think it’s a good idea that 
needs further development. This 
is how it works. 

The,.coldest area in the green¬ 
house is in the extreme south bed 
at ground level. 1 knew that if the 
earth there could be heated, the 
plants would do better through 
the dong cold winter nights. The 
south face is framed up on a 16” 
high by 10” thick concrete wall. 
1 painted the outside of this low 


wall dark brown and glazed it with one layer ot fiberglass acrylic material. It was well seal¬ 
ed on the top and bottom. Heat is transferred through the concrete to the earth bed di¬ 
rectly behind it. (This is like a Trombe wall but has no vents for air circulation.) 

' The results were that the young plants nearest the wall showed faster, healthier growth 


than tho^e farther back in the bed. 
However, the stored heat wasn’t enough 
to carry some of them through the cold- ’‘"“’‘■'•■i 
“esrwirrter night. When the outside temp¬ 
eratures dipped to -7. degrees, a patch of 
beans in the front bed froze. Nothing else 
\Vj|s damaged, including tomato plants sit- . 
nited centrally in the unit. But Dr. Voute 
Was disappointed and he bought a small 
'"electric space heater calibrated to turn on - 

at 45 degrees. . .. ... - ..if 

s=< To improve the performance of the di- ^ 
rect:gain wall I would: 1) make it thinner; 

5” would be thick enough for strength 
and would provide a higher rate of heat 
transfer to the front bed; 2) double glaze 
the sputh low wall; this would prevent 
such^rapld conduction losses back through 
the wall at night; Sid 3) insulate the low- iWj 
er clear wall (at night). , s> 

The Voute’s grow some beautiful. gMI 
flowers and vegetables in this greenh ouse, JC 

The soil mixture thev use is 1/3 city 1 JH 
S ' WS A 

'sludge from the sewage plant, so occa¬ 
sionally they’ll have a healthy tomato or 
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FIGURE 70 












































•chili, plant* pop up in an unexpected place. Df. Voute'dias also developed a ratlaer intense ~ 
personal relationship to his unit. Tb paraphra.se ; him:.“The damn thing’s like a spoiled jjet 
or child; it # needs attention ai-1 the time. 1 think we’ll skip December and January growing** 
next year and take.a vacation from it.”. This iS said lovinglyj, believe it or not *' ■ 

/ ' , ■ .' ' ■ - ■ ■ ‘ 

' Owjjers: -Peter and. Barbara Yaufe r* / * 

• Designer: Bill Yanda ‘ ' *.. 

■ .* * * „.. —• ... i Y , i 

Byilders: Paul aijd James junker, Bill^and Susan Yanda • . • ' 

A . • _ . i :-r . - . . r 1 i - .- “■ ’ .' --- * - : • t— 


^fVoof Area: 160 square feet 
Clear Asea% 128 sq. ft. (south face); 40 Sq. ft. (east and west walls); 32 sq. ft, (roof) 
Thermal Storage: 3 cubic yards of concrete in walls (approximately 12,000 pounds) 
and 330 gallons of water * ", '• ?, 

Supplementary Heat: Electric space heater 

Material Costs:/ S4.Q0 per*gquare foot ' » ** ' ’ 

Main Function: .Vegetable.and flower production for horne use 


/ 



Wayne Nichols, Seton Village, New Mexico 


_x--— 


.If you could combine the experience of a Harvard business degree, a year of qoneeh- 
trate|l meditation in Spay^and Italy, several year? working for a multi-national conglomer¬ 
ate in Los Angeles with the love of playin g with mud houses-and a natural bent for philo¬ 
sophy...what wduld you have? Wayne Nichols, of course. 

■ jN ichols is what . I - r^ l j ^^umne-nu3v^-. r H& lias the ability to centralize the talenlsrlaf 
manf individuals and direct their efforts into a tangible reality. He has earned the right, to 
..wajc .phitQsophicatbecau.se his visions and dreams are based on hard-nosed experience. For 
instance, how many dreamers in the U.S.'have conjured up solar villages dhd low energy 
communities? (usually funded with monopoly money). I’ve personally heard of about 5000. 
Well, Wayne%as built one. It’s out there in the pinons. You can buy a home in the com¬ 
munity...today. Read fhe'se excerpts I’ve taken from a paper Nichols recently wrote. They 
make : more sense than government feasibility studies and they didn’t cost you a penny of, 
tax money. -* ' " r . , •- 


“Man himself with hip fossil fuel, technologically based society and 
high population levels is in for a crash. Could Americans really change 
if they wanted^ to? I doubt it. To many of us it would be impossible 
to adjust to a culture without our machines and their energy consump¬ 
tion. If wertan out of oil there is a good chance we would fight rather 
than alter our Qulture. \ " ’ 

In the end nature always wins. If we continue to act like spoiled 
children wasting our precious .natural resource$4md despoiling our en- 
vironment, Mother Nature will take corrective attion. She always does. 























































We are a part of nature and we will carry out the orders for our own 
discipline. “• 

...As technology has increased, so has our ability to destroy our¬ 
selves. To balance this, our ability to-change has increased through 
media to control the expanding threat of technology. Technology is 
heltl in balance by media. It is Such a simple formula: man in combin¬ 
ation with his environment form a single.system that is self-regulating, 
self-managing, automatic. As Steve Baer says: 'God is the original pas¬ 
sive system.’ , 

In America we can make changes very quickly. We have a rela¬ 
tively organic political structure' and a free market system that allo¬ 
cates resources (capital) very quickly, where wg need tl\em. Through 
tlfe partnership of our incredibly powerful media arid our scientific 
capacity America can, change and change rapidly. This quick response 
ability has important survival value lor us in the increasingly competi¬ 
tive world environment. , 

...The important thing to' watch in solar applications is not how 
many"Systems are bpilt but who builds or buys them. Qur experience 
here in Sapta Be is that solar energy is attractive to young professionals 
in their 20’s tol30’s and to younger well-educated people in general 
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• especially those in the planning professions. * . ' J . 

In Santa He many of us who are workingjn solar development 
feel we are participating in important work. We are writing history. 

In our search for simpler, more self sufficient and less expensive struc- 
. tUres there is a real sense of dedication among, those in the field. 
x ' ..^The question is: Are these people [developers and buyers] the 
lunatic fringe or are they the main stream of a changing American^ 
culture? It is my contention that the wild and wooly experimentors 
out-in New Mexico,* Northern California, New England, Manhattan*, 
and otherparts of the cpuntry..are that vfery important group of early 
innovators who arenbW adopting life styles and products that.will later . 
be used on a grander scale. - , , {, 

: The one common, element to many of the houses being built in 
Santa Fe is their relation tq nature. TheTiouse is not just a fortres? 

' against the elements. It is designed to connect the occupant back into 
the natural processes forjiis own benefit. jTffte-house is alive. It func- 
tion§. It changes and responds to the outgjde environment in a special 
V way-that supports and helps the peopl'e.inside. You might say the’ : 
i home has a sort of consciousness. The structure is an otganic.protec- 
Yiv.| skin that the’owner wraps around his family. _ • • 

„ * In Santa Fe we are looking for a kind of primal structure. Some¬ 
one is going to develop a simple low-cost home that gives the basic, 
primal functions of shelter and warmth. We will let you know what 
we find.” •_ 

- " . . ' 

* 

' The preceeding three photographs show some of what Wayne has found. 


Doug and Sara Balcomb 


■o 


Dr. J. Douglas Balcomb is the same fellow who has published many importantpapers 
on passive solar utilization. He is also the Chairman of the jNew Mexico Solar Energy Asso¬ 
ciation. The Balcoprbs decided that they wanted a solatium addition to their home in Los 
Alamos (not a,prerequisite for the chairmanship)/'This.unusual and pleasing design is the 
’ result-(see'photograph, next page). : ( . . 

The greenhouse is a 400 square foot addition to their frame home. DoUg admits, “It’s 
npt really all for the plaritsi We plan to spend a lot of time out there.” The sawtooth con¬ 
figuration on the roof and east side combined with- the vertical glass in the south face guar¬ 
antee no overheating problems in the summer. The west wall, except for the clear sawtooth 
panels in the roof, is opaque. Balcomb is concerned about summer light in the greenhouse 
and plans 1, to paint all interior walls and the panellihg in the second sawtooth white. The 
eastern wall is designed to allow morning ligfit to flood through the exterior gkfss and into 
patio doors to the home. 
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Dr. Balcornb estimates the finished greenhouse witfcost about 2,500,' and “more 
hours oT my labor than fccare to oalculfteC’ But look at the care and concern that went t 
intojthe design, the,two pfiiie trees gre saved! What a space! . 
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FIGURE 75 1 


' B'uijder; Designer: Doub and Sara Balcornb . 

Cost: ^Approximately S2,500 : - * . . * 

’Size: 400 square-feet -• ‘ „ " . > - • „ 

Clear Area: Doubl'eThermopane . / ~ " • • ,s '-- v " 

»' ‘ Vents: 19 sq. ft. lower bottom of south wall;."27‘sq. ft. upper in second sawtooth. 
Natural convection or. reverse fan. / * '■ • * 

„ ' .J *«.*"' - • . •*. . ' 

r - H-gat to-hornet Natural-convection through sliding p'atio door. & 

Storage’: Above grade box, approximately 4’ wide x 3’ deep lpng, 240 cu'. ft. 

rock,filled, 1” insulation. '* ' - ' y' 
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David Wright. . • 

David Wright is another New Mexico architect doing important work in passive solar 
design?The Clark Kimbell and Charlotte Stone home in Santa Fc includes a “gre'fcn room” 
or plant area. The' entire home, however, acts as a solar greenhouse, as it ^designed to-be 
a passive solar collector; The two-story south face is double glazed with commercial storm 



| ' FIGURE-76 . 

doors.’The continuous easy/north/west \\%lljs-adobe; sheathed with styrofoam and stucco. 
The north corners of-the house are rounded-.. Weight adopted'this feature''from a "D” shap- 
ed New I^exaco pueblo (Pueblo Boniioh T1 1 e^coi;tiguration tfuts down oil north wind*re$is- 
tance. thus reducing heat loss:/ ■ d\ \ ~ * ’ , - 

Aldng with Wright’s careful calculation and listuof summer/win-ter sun angles, insula- 
tion and lightness,are the most important -„scH r ar 'fgatures>of this home. The roof and sub- 
floor" are-as are heavily insulated. So is the front" tac^f-with:an ingenious canvas-covered, 
styrotoam shutter system. Wright has aptly dubbed This home the "adobe Thermos bot¬ 
tle.•" It is over 80 percent solar, with one wo6’d stove supplying backup heat. 

It is also a delightful living environment, offering jab the -creature comforts within 
an ecologically sound design.? '■ ■. . ' . C , V ’ 

































































Herbert Wade 




- < k. !_• 

Herb Wade has designed a freestanding greenhouse with passive storage the roof/back 
wall area of the structure .(Figure 79). The 6 inch space between the rock storage and north 

wall'creates.-a natural convec- 
, tion downdraft. The cool air 

- “ .. _ . , A * 

falls down the wall and out^on- 
tn ' to the floor of the-structure. 
The hot air is pulled, through 


- the* front "wire mesh ynto', the 
|ndj^ater storage. By m- 
...... eluding water drums-, in the 

’"'" u rbck^?fi^I&rb is combining the 
be*t features of- botirj.storage 
mdfif. ’ . * 

4 Th|re are about 22 , 000 'lb 3 ". 
of thermal storage, including 
S . the water, in this 12’ long x 9’ 
H high x 8’ wide greenhouse. That 
p<-j&a.,1ot' of weight but *the tri- 
- configuration -of the 

■~-V ^Jg^WCKt)in. suppohedhy.pp^ts 
^^ ’and mesh,* should keep it evenly 

* > ' • -i_L v distributed, The greenhouse is 

, . ■ * -S 6IGUHE79 ... • built on pilings, and. includes 

'perimeter insulation and an anti-rodent screen. * . - a > 

' .4 think that this concepuof integral wall storage could be appjied to an attached green¬ 
house as well.. Just allow tor the. openings to your,house and tilt the roof southward to 
eliminate the roof valley betweeivVour home and the unit. * - 



- , . ~ f , * E: 

A Portable Homemade Greenhouse , r 

s So...you re a renter, or you move a Jot. You want a greenhouse but don’t want t6 
leave it behind for the next-occupants. Here’s an alternative-. Build a portable, but substan¬ 
tial, greenhouse that*you can pack up and move"to your.next home. ' 

-Tltis small lean-to. was designed as a demonstration model to be moved around to' 
fairs, energy exhibits, schools and the like. It’s, lightweight and can be assembled by two 
people. The largest panel is 8 teet x 8 feet and the panels "fit into a rack oma pickup tryck. 
EvCp though this is a display o model, the greenhouse is fully^fLhjctional, containing all the 
•criteria fimsuccessful operation found in Chapter IV (insulated opaque walls, double skin; 








/ FIGURE 80 

shaded roof, etc.). When we set it 

ftp. we put in black water barrels • ' • 

The five places (you don’t need Bjsyi • «‘im.4 

a north wall. tuft's for display) 
are held together%Nslip pins in < •'TT 

regular hinges. The intersections' ,,T ill: : ’ \ .:MI| * j^RLje 

of the edges are sealed with foam : #T 

insulating tape. The whole unit | |\t| cSh 

sets up in about 10 minutes with * SByliSS^E 

two people., Ju^t set it down in (jj S|||flS^Bl| I*" t|ra ■ . 

front of your south window and . Mb 

you're in business. Inahombap- g ' *Ik>4 

plication, it could be mounted on y, IGURE 81 ^ 

railroad ties (as explained in Chapter IV) right on the ground, or’on a low block wall 


































































































Designers: Paul Bunker, John Galt, Bill Yglida'* • 

Builders: Same'as designers with help ffom the New Mexico'Organfc Growers Assn. 
■Size: 64 squhre feetEy ■■ / . • ■’* , _ 

Cost! $25.6 (includes double fiberglass wills, north wall and No. 1 clear fir, 2x2’s for 
strength and uniformity). Funded by the tjew Mexico Energy -Resotffees Board. 

Clear,ArEa’: 125 square feet ”? V ' C, m * 

Hardware: 2” sliding holt hinges hold planes together;,framing members pre-drilled 
then screwed together with. No. 6 2 i h\ > wood screws.** v 1 c - 

'. • HeatingCapabillty for Home: InjNew Mexico, approximately 100,000 BTU’s per day. 

.-m* \ ■ h ... * .. '’X*- 

. ■ . \ .-#• • c. ' : . • _ - 

. ; ° • . ; ... *• . * ' • * .. 1 • 



Sundwellings—Ghost Ranch Project—Abiquiu, New Mexico , 

--—-'The Sundwellings project is an important one. When the data are compiled and evalu¬ 
ated .we w i 1 1 ^ h ave an accurate accounting ot the perlormance *qTi various passive systems 
built in the same microclimatic area of identical materials. Perhaps more importantly,The 
project will demonstrate with hard data that low-cost energy systems built of indigenous 
materials are a viable alternative to plug-in high technological component systems 



“Waim air;from the greenhouse rises 
■into the room vvjhile cool, room air sinks 
'into the greenhouse to be heated. Heat 
is scored overnight in the walls and- floor 
of the room. The greenhouse is dug 2Vi 
feet down into the ground to increase 
frost protection. The room can be clos- 
, ed off from the greenhouse to prevent 
'■" unwanted heat loss or gain. The'North¬ 
ern New Mexico growing season can 
thus be extended from 4 months to 10 
months.” . 

' . .■ - ",r\. r. ■ ■ ■ 
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United States Department of Agriculture- 


ft’s good to know'that the rpsDurces"of,the America^,-government,are becoming com- 
mitted to more energy efficient;greenhouses. Robert C. Liu and Gerald E^Carlson designed 
the unit shown in Figure 83. An excerpt from their paper on the subject follows: 

A solar greenhouse must include a solar collector, a storage system, • 
and a distributing ■sysfem. lt is our concept that fixed, south-facing \ 
collectors would occupy a position on the roof of the head-house, in¬ 
side the greenhouse; or the north inside wall of the greenhouse. Placing 
the collectors inside hhe greenhouse should decrease heat loss from V 

l the collectors and ma/'increasedheir efficiency. The protection to col- ^ ' A 

lectors'that-would be provided by fhe greenhouse roof, in addition to [ ■ " 

:' a possible increase in their-bfficien r c-y inside the greenhouse, couldjead j 
to the development, of a losf-cost, Unglazed collector that could be [ 
used year round for both cooling and heating. Actually,-the whole j 
- greenhouse structure is a-collector, and the excess trapped energy j 

should^be stored and reused. \ . A,- ' i 


si 


'// 

///j 1 HEAD HOUSE 


y ._t*- SOLAR'HEATING - 


SOLAR 

/xy' COLLECTORS 


•///■ 




GREENHOUSE 


u 


AIR DUCTs 


Y ROCK BIN, 

♦ i.-Y-. 

3wajerL“ 

Cblfr>TANK/y» 


gravel filled /V"—ti 

WATER TANK/ tL- 


_|o«l 


AIR DUCT 


, Sketch of a proposed- 1 new concept for maximizing 
solar energy use in a greenhouse. .1^ - 


FIGURE 8 3 









The design utilizes both hot air and hot water. The hot water collector,'which could 
consist simply of blae§polyethylene with a trickle and trough gutter- below, is beingdried 
by many of the larger research institutions. 

This design is more complicated than the passive-approach we advocate, but it is like¬ 
ly to,be. utilized in large, completely controlled greenhouse environments'A full report 
of Drs.'Liu and,Carlson’s ongoing work can be obtained by writing to: United States De¬ 
partment of ‘Agriculture;, Agricultural Research Service, Northeastern Region, BeltsVille, 
Maryland 20705. ‘ . i 


The New Alchemy Institute 




The New Alchemy Institute was formed in 1969 to confront future survival problems 
on our planet and to develop alternative technological solutions to them. Tl.jp orgahizTtiorf’ 

- lias concentrated its research oh solar heated growing structures and the design of complex- 
„ecosystems. The institute is perhaps best known for'its pioneering work in the field of* 
aqua'cultura. /•/.'* v f * • . »;■ ■ * • . A h • \ ; 7 . ■ 

'A that Npw Alchemy is currently.working on is the'design' and construction-' 

y' ;,pf a^self-GohJainecf. structure' that will function as-'a, food--apd-eije'rgy-pr(iducing research 
.y/dentfeflr (set Figure '84),-_Located in-Canada, the 4 ‘Ark’7 will integrate- fislv'raising ; ‘ t m- $bkir 
pond's-.with a la rg^green house running the length of The structure'. Tlie facility will be heat¬ 
ed by th.e greenhouse and 800 square feet of solar collectors employing a rp.ck. storage Sys¬ 
tem. Electrical power for the facility will be supplied by newly designed wind generators. 

.... Another interesting design by John Todd of N.A.1. conlbinesj'eatures of the-pit green- 
: house in a radical approach to solving the heat-gain/loss problem. Todd designedMt as a 

■T V .-. . . - «■ rr-' '• . g - ; 

fish pond and Peter Van Dresser adapted it to. a pit greenhouse. Only "the south face would 
f be clear, with therest of the structure, including the roof, covered by an insulating-earth 
berm. All interior-surfaces'would be reflective. The beauty of this design is that the major 
lieat loss area (the entire so uth -face) is- one plane-arid co ukUhe tigli Uyfi Tisulated aTnight. 
1' Sin ce the south face woukT be co vered during loss- pe riod-; jjtxoukl b e single-glazed^ Ujtj- 
izing stabilized adobes, rough timbers, tin foil, and recycled glass, the unit-could probamy- 
be built for 50 cents per s'quare foot or less. The only possible drawback I,see is that per¬ 
tain plants, such as tomatoes, cucumbers and beans, wou-ldblock some light frqm the crucial 
side wall reflective surfaces. Hqwever, proper plant location and moveable interior re’flec.^ 
tors might solve this problem. I think the idea lias appeal, particularly in low light, extreme¬ 
ly cold areas such as northern New England and the upper Gr?£&Lakes region. . < 


The New Alchemy Institute is providing a vital service through its research into eco- 
sound “solid states/ v N.A.I; is supported by’private foundations and contributions; 
’(S2^ or more entitles you to their annual journal, "a very worthwhile publication that're¬ 
views New A l c h erpy.’s continuing work. The jqjjrnals can also be ordered fj,om: Box- 432, 
-Woods-HoleTM^ssachusetts 02543 (Volume 1 is $4; Volumes 2, or 3, $6). f • -. - 
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* ... “x _ £ y •• . f f t - ' 

r Greerlhouse^Hea ting -and 'Storage . • , 

. • "* ••• 1 f ’ . T , , ' ^ . . f, , ■ 

J : Solar Collection: 200 kq. ft: of greenhouse glazing Exposed to southern sky. 
Storage: 118 yard rook storage behind greenhouse and- 19,Q00 gallon light 
transparent warm water tish culture facility. 

Emergency Heat: Resistance-coil$.in air ducts. 

V 

Residential Heating and Storage ' 

Solar Collection: 850 s‘q. ft., flat plate water, selective black. 

Storage: 21,000 gallon tanks under living room. 

Distribution: Fan cpils 

Supplemental": Woodstove and hydrowind power plant 


University of Arizona Environmental Research Laboratory 

• * V 

This research center is -concentrating on^he development of integrated systems that 
provide power, water and food. Staff members at the laboratory are experimenting with 
aquaculture and vegetable production within polye-thylene-covered greenhouses. Plastic- 
■ lined tanks contain shrimp that feed 1 on organisms living among water hyacinths in the 
pond (Figure 85). " 
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/\ An interesting secondary project that is being developed is an insulating greenhouse 
‘dover similar to the Beadwall® that injects liquid foam between the plastic layers at nTght- 

/(see Figure 86). ^ ; . f ‘ v 

j Anotjher facility created by the Environmental Research Laboratory expaifds the eco-^ 
! system approach to include desalination of sea watenand nutrient preparation-far the green- 
\house use. 1 This ambitious project is being carried out in collaboration witly flie University 
otySoipra and is locatecj-’at PuertcrPeiiasco, Mexico.(Figure 87). In this design^ waste heat;.. 
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gulf of cauifob 


FIGURE 87 


from engine-driven electric generators is used to desalt the sea’water. The fresh water is 
then njtW trTvpoptahlps within con trolled-environment greenhouses of air-inflated plastic. 


-4b p n pip p| t tn vpoprah 
The researchers state: 


Tire concept Tifafoplicable to vast regions where a 1 most nothinggrows 
and where desalted water remains prohibitively expensive tor open-* 

: field agriculture...The principal advantage ot the concept tor arid re¬ 
gions is extreme conservation ol water. Moisture lost trom field crops, 
by evaporation and transpiration, is enormous, of course. In a closed 
system this moisi ure can be captured. Estimates are that a plant within— 

? such a sealed-in environment uses only about a tenth as much water 
as it would need outdoors. ’ / < 
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• . The long rangejaotentia'l for this 

T. - ' -kind,of facility is fantastic. The 

** . ...Environmental Research Labora- 

, . ;; ■■ : tory is presently directing con¬ 

struction of their first “large s'cale” 
installation in the Arabian Penin¬ 
sula Sheikdom of Abu D hab i. 

. Lately, the Lab has been putting 
/ a great deal of brainpower into 
i. thinking si^ialh The experimental 
attached greenhouse shown here 
/ *• features their ClearView collector 

on the south vertical face and the 
figure se liquid foam insulation in the arch-, 

ed inflatable roof. The duct*work shown in the photo, is for demonstration and education 
and would not be visible in a residential Application. 


Bear Creek Thrmder/Pragtree Farm/Ecotope Group ' , 

’ ' « & ' :. ' ' ! 1 h • • » 

. i * f :* . * , 

• I arfi combining the work ot these three groups because tl\ey have done a tremendous 
ampunt of interrelated research in the Pacific Northwest. For instance, take a look ipt the. 
pafabolic north walled greenhouse shown here. It is designed precisely for it’s geogra ph- 




























































ical area, a location noted for fog-. 
gy and cloudy, but mild, winters. 

The solar heated/aquaculture 
greenhouse 1 is located at Prag- 
tree Farm (see Figure 90 ). Howard 
Reichmuth and Jeffrey Barnes 
did the engineering and design » 
work on the structure. From 
Reichmuth'Sdetailed paper on the 
description and analysis of the sys- 1 
tern we find: . 

A passive solar heated at>u<lcul- 
ture/greenhouse complex hasbeen 
buiTTTO mtlesTTofTh of Seattle “ 

•which collec ts and stores solar en¬ 
ergy by reflection from interior 
surfaces into a massive Tfllerior 
. thermal storage pool. Analysis in- q 
dicates that such a scheme offers 
high collection efficiencies through 
low aperature temperature even 
for the case of relatively low qual¬ 
ity reflectors with P= .5 (reflecti-, 
vity of nSrth wall). 

* (In the- region )...a solar energy col¬ 
lection system with a very low ap- 
eratur'e temperature, approximate¬ 
ly room-temperature, can operate - 

efficiently enough to provide up r-p -FtsuRE 90 , q 

to 100% of the space heating needs. Ideally such a low temperature. 

system should be passive, since an active system, collecting at such, low 

would require high fluid pumping rates, consuming an unreason¬ 
able amount of energy- for the energy collected. ' , 


Besides a-.comprehensivif design analysis .in'the.paper-,-J .find some enlightening state¬ 
ments about the philosophy that guides Bear Creek Thunder’s endeavors: 

The intention in this project has been ‘to devise a long lasting building' 
giving a premium to the simplest component choices, even if these 
component dioiees'-eaHTor-ati-adaptatioft : tfl---t-he-use--of-t;brstrttctu-re;-. | 

Figuring out how to use the structure is a large part of the creative 
endeavor. * , -\ y : 


A low storage temperature, high thermal mass, passive building using 
interior reflection is a productive approach to solar space heating in 
the Northwest. Such a structure can be built durably and economically 
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since the components of thp collection system are also the building 
.components and operate at Jow temperatures, avoiding degradation 
• due to high temperature;thermal cycling,-as in a.roof or a solar collec¬ 
tor. Our experience of this build frig during construction suggests that. 

solar heating which involves letting the light inside tins structure is very 
dramatic and spiritually interesting. If we are-entering a solar age, then 
it is appropriate that it actually .feel 'ljke a.solar age. 

Howard, told nie that the,.only thing they’ve found so far that they might have done 
differently is rioUuse the expensive R-20 insulation around the base of the structure and 
the fishtank. .Evidently, the heat loss to the ground in this location doesn’t justify its use. 

Another design is the Rhombo-Cube Octahedron shown here. Ken Smith.of Ecotope 



writes: “It’s a seasonal greenhouse (April-October) producing crops of Talapia grown from 
spawned fries. The greenhouse is fir pole covered with Monsanto-602- the tank a Sears 
3000 gallon (12’ diameter x 3’ deep) vinyl pool liner. It contains 80 ad^lt fish with an ex¬ 
ternal filter system using a 1/12th horde power puijip.” ’ \ 

Yet another design being built is the solar greenhouse for a junior high-school. The 
unique feature of this unit is the 200 eleven-inch cubic polyethylene clear plastic water 
bags stacked directly behind the south vertical window. ‘ - 

You can tell from this brief sampling the quantity, quality and di rectio n of this work. 
They are nonprofit research groups and aren’t exactly f at. If y ou w rite th em Tor infnrma- 
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tion. be sure to' enclose a self addressed stamped, envelope or you w.on’t get an answer. A 
Better yet. send them a donation and put your money to good use (that’s my suggestion and v 
was never mentioned by therh). * * t " ' - *. . ' '{ 

Bear Creek Thunder, P.O: Box*799, Ashland, Oregop 97520'*\ . v 

v Ecotope Group’747 16th East, Seattle, Washington 93112 11 . 

.< - a * 

.# \ C : ' J . - t 

‘ ** > .* 

Reichmuth’s paper, “Description and Analysis of a Novel Passive Solar Heated Aqua- . 
culture /Greenhouse C opriplex' near Seattle, Washington,” is published in Volume 10 of the 
Sharing the Sun! proceedings, published by theAmerican Section of the International Splar 
Energy Society,. ‘ * ’ ' ■ ‘ ‘ * • V ' ' 


kural Research Housing Unit, United States Department of Agriculture, Clemson Univir- 

., . r » * * \ f 

- sity • , • \ . 

V ' - ■ , 0 \ i / /x ~ >■ %;• * .• 

* These fc^ks are working on a three-year project tp develop concepts; design 1 , bt^ld and 

mdnitoirresidence/gfeenhouse combinations. They are funde'd by thjp Energy Research and,- 

Development Administration? The followingis frdm thepaper “Design■Criteri%'f 0 i ; .Green'», 
* house-Residencfes,” by Harold F. Zomigr Martin Davis and T.E. Bond, froth the proceedings^ 

• - - — • , * v t 

of the Food and Fuel Conference (see Appendix C). \. ' , 

* ' . . v w 

. The concepts shown were evaluated -by a multidisciplinary team, in- X ... 

eluding engineers,. architects, and horticulturists. [The final design].... ■ 

£ _ ^utilizes only the greenhouse as a solar collector and a rock storage sys- * / 
tem. The [first prototype] ...is^unique in that it ha£ a roof-top solar j 

collector serving both greenhouse and residence.-Preheated air from ; 

the greenhouse passes .through/ the roof-top solar collector betore going / . 

into the ujideffloor rocksiorage-system.or directly into the house. In » . f , 

:? some areas, a greenhouse sized for the family’s food needs may beToo 4 r 

small to significantly reduce the heating load. With this design,’the 
■ size of the roof-top collector can be adjusted to local heating reejuire- 


During the summer, the greenhouse _ is; shaded and vented to the out¬ 
side for cooling. Convection air’movement through the so&r collector 
will draw air from the greenhouse at a rate of one-half aiCexchangO’' 
per hour.. This air is discharged through attic vents that are open only 
in the summer.- ■ S t -. ' J__ _ — —h 


The house will be 1 cooled no’ctfirnally during the summer by cooling 
the rock at night and circulating warm house air -through the/rock 
during the daytime. This should be an economical method 4 of cooling 
in all locations where summer.night temperatures average about 20" 
degrees lower than day temperatures. ' ; 4 
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, Three bedrooms, four occupants, 1,336,jsq. ft. floor area, '10,688 ft.3 
heated space, occupied 50% of the time, one-half air exchange per hour. 
Interior Temperature: ■ Winter 65°F Summer 759F 

Interior relative, limpidity: Winter 60% . Summer 70% 

Averagejoccupant CCH input: 2 ft^/hr (total) 

Average occiipant 0_2 demand: 3 ft^/hr (total) • # 


Solar Collector: ' , , . „ , : 

520 ft-,, average daily efficiency of 40% (Based 'on tests by Rural * 
Housing'Research Unit, Clemson, S.C.) ' J j 

Average surface temperature: Winter 1 20°F, 9 hr., maximum 140°F 

Summer 140°F, 13.fir., maximum 180°F 
Designed rates qf airflow through collector during winter operation are . 

• from 2 to. 3 ft^/min/ft'-of surface. , ■ 

Summer convection flow through solar air cpllectlon, with 8.5-.ft.- 
opening and 120°F average temperature will Be about 200 ft/rnin or 
1.700 ft 3 /min ' . • ' 


Rock Storage: , 

1,200 ft^ of clean railroad ballast (2 in. minus) 
Weight: 94 lb/ft^ 


\ 
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\ ■ ' ..- ' /; v : ;*■ ' r 

Heat-capacity: 19 BTU/ft^/^E-.,. jV . .' V ; , ,* 

Static pressure of airflow through rock storage is 0.3 in. H 2 O in proto- 
' type. - - . \, V , 7- ■ . , : ■ .. ; 

Average winter temperature: , S2°F - . _ ' 

^ . Average summer temperaturev7,70°F . * •• 

• ' Average stored winter heat: 387,600 BTU (114 days storage @ 40°F 
. ■ ,. outside) 

. ^verage stored summercooling: 114,t)00\BTU (1- day cooling storage)' \ 

' - Heat loss to ground:-2,560 BTtJ/hr or 61,440 BTU/day (bised on 4 

, > BTU/hr/ft^ loss) Rock storage tests by Rural 

* _ -.. Housing Research Unit, Clemson. S.C. 

« . \ 

> '7 A + ■ r r 

Greenhouse: ■ \ 

357 ft-of floor area • \. *“■ • . 

2,800 ft-3 of space ‘ . X. ■ ^ ‘ y : 

Heat loss by infiltration: Assume 10% in conduction loss • \ 

Ventilation for coolings Winter—one-half air exchange per minute 
'' ■ Summer—one-half air exchange per minute 

Shading:' 5,0% in summer , ’• \ , 

,Interior. temperature>: Winter—minimum 559F, nTaxirnum 90^F (auxil- 
- *iary .cooling, cooled with water.mist)"’ 

- ' v.. 1 • ■ s - 'Summer—minimum 75 0 F, maximum 105°F 

: : :(auxilianrCbonng, cooled with water mist) , 

, Relative'hfiibi^ity^'' Ja 5 iwa*ry^average70%', maxiinimi‘9Q% 

"l ' July—average 70%, niaximum 100% 

Maximum hours oftnsolation: January—9, July—13 
Insolation rate: Assume 60%*absorption of available insolation - 
Note: Relative humidity in winter in both the greenhouse and resi- 
. - dence Will be controlled by condensation ^on the greenhouse 
.single glas^ ext^riajLWhen’ the^jwterior temperature is 9°F. 
above the Exterior -temperature,~a 90% relative humidity can 
.be maintained. A 1 1 °F rise-in ternperature is usually associated 
, * with'aboup-a 2% > drop in .relative humidity. Therefore, if the 

■greenhouse is at 55°F and 90% relative humidity-, the house 
at 65°F would be maintainediat about 70%'relative humidity, 
i the average for January. ^ 

In the summer, relative humidify and temperature in the green- 
» house will l5e controlled'by ventilating all air direptlyditside 

through the solar collector. Aj ventilation rat& of one-half air... 
exchange perminute-associated with 50% shading should maim 
■* tain a"maximum4emper^tUre''of 5°F over the exterior temp¬ 

erature, or 105°F during the'hottest. (100°F) day. A water 
mist should be used'for additional cooling. , :f 

The paper concludes by stating: X , , ' - 

: • ■ 4 ■ / . ■ ' ' 

Based otyl976 costs, families, with annual incomes.between $8,000 
' ; * and S10,BOO would save.-about'S360 in food costs and $340 in heating 
costs. These families would also.be helping td stretch the,world’s sup- 
.ply of fuel and'fbod. - - / \ _ > . 
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MANUFACTURERS 


Zomeworks 

•v . - ' " \ _ • 

- - A . x, v. ^ \ . t ' • . 

Zomeworks and its president, Steve Baef;, need'no introduction as iortovators in the 

- rr \ . k ’ . . :. 

field of solar energy. Three of this.coinpany’s'developments have:important applications ■ ■ 
to solar greenhouses. V A ' . ' t ' «’• ' . 
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FIGURE 93 


The “BeadwaH”®'system-seen in 
the Monte Vista greenhouse'was 
’.ppmpleted«in 1973 (see Figure 
It was invented By David 

: V; 1 ' - 

Harrison of Zomeworks and solves 
,,the tricky problem of how to cbm- 
A bine movable insulation and light 1 
Transmitting clear surfaces. In -this-A 
Fsysteqi,insulating styrpfoam bead's 'f 
are blown in> between * the two- 
?R 3 r^es of glazing (3 ?v apart) wlien '' 
temperatures-’ drop below toler- 

r " . A 

1 able Jevels. In the morning, or . - 
jj when temperatures rise, a photo¬ 
cell switch tells the motors to eva¬ 
cuate the cavity"and 'the beads are' 


sucked back into tlieir .storage .containers. "I’ve seen Dave get a standing ovation frofn audi- 

* - t “ ,;•••■ »j.i 

enc-es at solar conferences wlignlie was .demonstrating-this‘device. The Monte Vistafgreen- 
house was one of the first applications of Beadwall® and used six vacuum cleaner motors 
and storage bins to accommodate the.beads,. Besides greenhouse apphcationsythis system 
can be retrofitted or newly installed, in home windows to maximize direct gain and almost 
’eliminate heat losses. 1 •' i .” i 

“Nightwall”® is a poor man’s Beadwall^ in whicfxt^ou supply the motive power to 
move insulating panels. They are simply rigid styrene or styrofoam sheet^ that are cut to 
fit the exact dimensions of a window or greenhouse clear wall.'Zomeworks supplies mag¬ 
netic strips pvith sticky backs, small metal contacts to attract the magnets and an instruc¬ 
tion sheet to help you put it together. When the magnets are attached to the perimeter.pf 
the window and the* metal- strips are adhered to the styrofoam'panel, the magnetic forte 
will tightly bond the insulation to the window at night. You remove the panels in the morn- 
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ing for transmission of light and direct gain. As the clear areas in a greenhouse are the. major- 
sources of heat loss in the structure, they are prime candidates f6r Nightwall® inltallation. 
The ^gid panels could also do double duty as reflectors behind plant beds during the day. 

1 tried a Nightwall® application in the Voute greenhouse. It didn’t work too well but that 
was my fault, not tlve-product’s. 1 didn’t put enough magnetic strips around'the,penmeter 
and I applied it to a nearly horizontal ceiling surface. Nightwall® will watk-wellon a verti¬ 
cal or almost vertical surface in a greenhouse. Zomeworks also supplies a chart to shew you 
how many BtU’s the Nightwall®- caivsave on standard sized window's in various-parts of 
the country. It’s amazing what these simple applications can do for you. i •, y 
A third Zomeworks product 
'with greenhouse potential is 
“'Skyhd”®. It’s a device that 
uses counterbalanced weights? 

. and freon containers to open 
high vents or skylights. Steve 
uses Skylid in his .home and 
greenhouse. Six sky lids operate 
240 square feet of insulated • 
louvres’ to prevent heat 'loss. 

Baer’s greenhouse also has (Six 
. 30-gallon drurrps~-Tor thermal 
storage and 30 tons of rocks. 

This greenhouse .is a single- 

'glaz’ed structure and has held 

’ : ! » _ , 1 

'32-degree minimums in 5 de¬ 
gree- outdoor lows. Baer’is also 
using Skylid mechanisms as pas¬ 
sive trackers for concentrating 
collectors. (Figure 94) 

These active and'passive im¬ 
provements provide important 
options for the solar greenhouse 
owner. As we-noted in Chapter 
V, the beginner might consider 
the simpler passive approach first. It you do want-one of the more complex active'systems, 
Zomeworks is definitely the place to go't^or it. They also sell plans fop “bread box” water 
heaters. F.or more information, write to: 'Zomeworks’ P.O. Box 7 fl; Albuquerque, New 
-Mexico 87103 -.T : 

f . / ’ - - A 
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. , , propriate for,your are? and conditions. For more information on the Solar Garden (TM) 

4 structures, write to: Solar Technology Corporation, >2 160 Clay Street; Denver, Colorado 

8021 1. 

- : i 

9 - 

. - 

M -,V r - * . 

Hfelion 

4 He lion is a group 

< energy. The founder 
engineer, and Richard Dehr.:Their primary field is wind-powered generators and they have 
licensed the rigljfKto a completeJine of Kedco (an aircraft components company) high 
quality wind generators. He lion also manufactures a line of solar water heaters with acces¬ 
sories and an Energy Source Analyzer which gives a site survey.With completely integrated • 
outputs of wind and solar energy. Naturally, they needed a solar greenhouse to rouncfout 
. ' their efforts. The greenhouse pictured here is a first generation prototype. It was buifi over 




if young, but experienced innovators in mulfi-disciplim^s of alternate 
f the/company. Jack Park,-is assisted by Ken Johnson, a chemical 
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jack’s shimming pool, which only goes to show the types Of' changes we all go through r . 
The idea ^as to utilize the deep end for a cool ^ir source as well as a root cellar. The frame 
over the pool was covered with plywood' and tar papered for waterproofing purposes. The* 
large front window faces true south'and has art incline of 60°.,The innernorth side of the 
greenhouse is painted white to reflect light and all .sides except the dqpt are insulatecf with 
R-l 1 fiberglasbatts.-Only one 55 gallon drum was ins tailed because oftheweightfactorXon 
the light pool covering panels. ( ' *; ‘ ’ ' y • 

Ken Johnson’s explanation follows: ,? ' . '“A 

. './\ ' . - ^ ' T; ' , . . • \ 

“The nextstepwhs'to begin planting. Jack instigated this work in Feb* 
ruary starting wkh jettuce, tcfmatoes, cuciimbers and cantaloupes. On 
' . the lettuce and tomatoes, an experiment was performed. In some cans 

] of lettuce arid tomatoes soil was used as tl)e growing medium. In other 
j cansof the same vegetables, a hydroponic gravel was used as the grow- 
• '*.* : | ingfnedium,. Horsey an.ure leachate was used as a nutrient solution .for 

•< * [all plants.'During the course of the experiment no real advantage of 

, jUsing the'hydroponic gravelXwasobserve^.However^significantheat- 
r . png and cooling cycles on the plants occurred during the experimenta- 
;■ - tion periodj 6ausing severe damage-to-plant health. We can readily ad- 
W*'- mit that tihis flaw-in the .system, is due mainly‘to the fact that busy 

• “|®ple sometimes forget to .open and v close vents. Work is being done i- 

f j&^brieot this problem. Ask ^ny psychiatrisi. Seriously, we do still 

affe a.ventilatibn'problem and our next! improvement to this green- 
(*-fse is to install a roof top wind turbine to see if this will help draw 
! air thrdugh. at-a“ qilucker rate. If this fails, our last resort will be to 
' install.a small bathroom fan at the top of the greenhouse inside, en- 
v ' •. closed in a plenum chamber. During the day ifie fan would pull pre¬ 
heated air up-to_tfie top of the greenhouse, pus\ it down between the i 

« - doubleglazed -windows* into a bed of rocks, a heat sink - , then exitout '• '“V 

to fhe atmosphere.” ’ . > • ^ • 


In addition to those alterations, a shading lip protruding*out?about IS inches over the 
•top has Been, added on do - help. cool4Jve'uniC;The main recommendation of Johnson and 
.Park is to.leave yourswimming pbolfor swimming and put your greenhouse on solid ground. 

With the brain power at Helton' yqprcan- be sure that any manufactured greenhouse 
or plans would have’the kinks ironed out: Write them for .information :\Hejfon, - Box"430l,’ 
Sylmar, CA 91342. . - ' . ’ . ' • , v ’ • 


The Vegetable Factory 


The. Vegetable Factory is in'the business of manufacturing thermally efficient prefab 
greenhouses. They make both, freestanding-and 1'ean-tb-mo.dels. You assemble fliesection’s 
a.t home*’ From their literature...“Takes two ‘unhandyAadults just,, four 10 ' six hours to as- 








semble.Takes no experience. Only a screwdriver and driilare needed.”.,.“For tho^e desiring 
^jptal window-clear transparency jji specific areas, a double wall GE Lexan® panel is avail- ’ 
able.” ' . . . ’ 

. The company has done extensive testing on'their double fiberglass-acrylie^walls. Theij - ., 
date indicate: ' -—- ^ -—L. ; ■ .. \ 


.V. 


Basically, glass, as a'thermal'barrier, is not very, efficient.. In actual 
practice, a single pane of 1/8” glass, the .thickness typically used in 
greenhouses, conducts 36% more BTU’s than a single pane of the glaz- *■ 
ing used in the Vegetable Factory panels. The Vegetable Faetqify wall 

panels are 244% more effective as insulators than single panel glass..._ 

They are 145'% more efficient than double-insulating g^ass, th,e recog- * 
nized standard in energy conserving glazing. The anrfual difference-in 
fuel heating costs for a Vegetable Factory are reported to be 1/3 to 
1/5 the cost of conventional single pane houses* relative to climatic 
area'conditions and type of construction. 

Vegetable Factory’s patented double-wall construction is .2 rigid panes'/' 
permanently bonded on an alu minum I -bearn g ri dTor separation which 
. creates a Vi’-’flead air space between the layers of fiberglass. This sub¬ 
stantially re'yhhes the heat loss normallytexperienckd in greenhouses. 

The double-wall fiberglass panels are very light in weight (each layer 
.025 weighsjibout .2 lb,, per sq. ft.) eliminating the need for an-eiabor- 


ate, expensive iinderTtrtrut t rr e ahef foundation. Further, the laigc~p ^» s .4 * 
size’/fS’ x'4’ for roofs and sides), surrounded with elastic gasketry, 

* eliminates most of the potentially expensive and leaky joints of typi¬ 
cal greenhouses. Very little of the aluminum structure is exposed, pre- , 
venting a great source of heat loss. „ . r 

'Their complete study of the'transmission characteristics of fiberglass/acrylic is one of 
the best 1 have ever seen. The insulating percentages are higher than usual. 

Vegetable .Factory commissioned!-Garden Way Laboratories ofVerrrtont to investigate 
the food production capabilities of the freestanding and lean-to model. I quote from their 
report; . ' ’ ' - ’ -. 


- Winter, bush varieties of squash are universally poor yielders, plus they 
cross-pollinate with summer squash and zucchini. The latter two should 

be the plants of choice. . C . 1 " ~ _ 

' Carrot.s are too'i'nexpensive to bcKher with. • 

— - forgefabout peas due to their rambling nature and the.fact thaf'their 

V- yield per foot of space is poor. ..* ’ * . .. :.. . 

Four hanging baskets of patio type tomatoes will yiekFoYer a ridicu¬ 
lously long period and are hardier’ than most standard varieties. 

' -. /;•.“ ' •* \ ... * : 'V .' _ \ 

The photograph on the following page shows Garcjen Way’s suggested block pfanting 

' • -. . . .. .. ... , , . .... . . ■ ... 

method. This method in a 5’6” W x 12’ L lean-to model yiglds $245.64 worth of vegetables 

» ' - . r '' . • • - ' I • Cv ' ' ' 

in a yegr at+973‘retail prices. . ’ 







e' 


Lately, tjre Vegetable Factory has been exploring the solar heating potential of their 
, lean-to models. They have an application on aprivate home in Nantucket, Massachusetts, 
based on the same principles as the lean-to designs in this book. For complete literature and 
pricing information, write Vegetable Factory, Inc,, 100 Court Street, Copiague, Long Island, 
New York 1 1 726 ■ 
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Solar Room ; .' ' . V - __ .. ... , \. 

• * . \ 

This is a young company with big plans. It is headed and founded’by Stephen Kenin,. 
the president of the Taos Solar Energy Association.* Kerijn is no newcomer to solar energy 
applications. He has\worked for Zomeworks and with Hamilton Migefon his home (see 
page 94). Here is his explanation of tlve Solar Room: » " . 

* ' j 4 

The Solar Room is a device that turns the southern side of a hornb' in- 

—- ■--to a solar heater. Made of a special plastic, a Solar Room can supply 

35*to 65% of home space heating needs. With heat, storage and insula-. 
tion options its heating capacity is greatly increased. The Solar Room 
* _ is-available-in-kit form and js designed to be an exterior room, seven 1 

feet wide and as long as space permits; 20, 30 or 40 feet. The longer . ., 

the Solar Room, the more heat is collected. 


Not only a heat collector, the Solar Room is a versatile, inexpensive 
•addition to the home, costing only $2.50 to $3.50 per square foot of 
floor space. It is an airtight, thermally efficient space,‘and can serve as 
a-greenljouse, a winter playroom for children or as’a foyer to the house 
- where co a t sr boots and bicycles - ean b e store d out of t he winter weath- 
;er. As a greenhouse; the Solar Room is,an especially efficient space, 
providing warmth for the household and fresh vegetables for the dinner 
table. In the Spring the-garden can be started early in the greenhouse 
and transplanted outside when danger of frost is past. 


, The Solar Room is also a “take-down’ 5 room. Because of its effective¬ 
ness as a heat collector it is not needed during warm, weather, and has * 

been designed to take down during the summer months. The initial v 
installation requires lessthan a day's time, and after that removing the ' ; 

Solar Rogm in the Spring ari^d putting it back again in the Fall^takes 
only a fe(w hours. When hot in use. it takes up little storage space. 

! * • v. ■■■ " ’ ■ . ■ 

The Solar Room kit is made possible by the use ofan exotic new plas¬ 
tic that [resists the disintegrating fays of the sun and thus lasts for . 

•' years arid years, special 'aluminum ex'trusions that hold the plastic in - 1 
place, the best grade of cigar heart redwood that will mot rotiffecon- 
tact with the ground or in 'moisture, and galvanized ribs that Support 1 

"the plastic skin and will not r u st. -The Solar Room is double-glaze d. J_—- 

which means there are two laverg_of pl astic with an insulating “dead^-^ 
air” space in tTetween. It has Withstood winds over 60 miles per "hour. 

A 30 foot long unit costs about $5DO andTras a cottector area of about 
330 square feet, a heating potential that is conservatively in the mil¬ 
lions of BTU’s per heating "season. It has been estimated by the Los 
Alamos Scientific Laboratory that a solar collector of 330 square,feet . , 
may supply all of the heating needs of a 1,000 square foot house in s - 

this locale. However, in order to be conservative in the heat fating of 
our Solar Room, we claim that it will supply 50%'bf the heating needs 
-of such-a house. A Solar Room costs a fraction of the price of any 
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competing,solar heating system of comparable heat collecting power.- 1 y 

*5 

Th£ inflatable poly green house, naturally, doesn’t have the durability of a rigid fiber¬ 
glass or glass house. However, it definitely has an initial cost edge over any similarly sized 
gre-fab solar collector. If the owner takes good care of the material and stores it in the 
summer it might go as long as five heating seasons before replacement of the inexpensive 
polyethylene. That’s far beyond the pay-off period. As a matter of fact, in some applica- 
? tions-like mobile-homes (see photo below), the Solar Room could pay itself off in.one 


. . - heating period. (Thaf’s ignoring the food producing capabilities of the-unit.) Any home 
owner getting hit for $150 to $200 a month heating bills (common in many areas) should 
certainly investigate this system. ' . . 



FIGURE 99 


Besides the inflatable Solar Room, the company is also developing water heaters and 
thermally, designed window box greenhouses. 

Write them for more information at s Box 1377, Taos, New Mexico 8757 1... 
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Sun Movement Charts 


The charts can be used to determine: 


-9. 


1 ) | The hours of direct sunlight your greenhouse will receive at any time of the year. 

2] How obstructions,will shade the unit.' * J 

3 j) The altitude of the sun at any moment. • • " N v ' 

A • 


4ft A visualization of the sun’s rays striking a flat or tilted plane. 


You ■'will need: 

' V fe 


) . 1 ' • 


> 


j) A small pieee oft graph paper. 

2) A cheap proprietor. 


3) A straiglrt edge. 


Some definitions are in order: 


1) . Sun Path: The apparent (from our viewpoint) movement of the sun through the 

heavens. On our charts, the sweeping 1 east-tb-west lines- are tire sun’s path on tlie 21st or 

22nd~of each month. ' • j,..—. ...__• / 

2) Altitude: The height in degrees of the sun frgm a true horizon. Altitudes are 
shown dn the concentric circles at : 9° intervals in the upper right of the. charts. 

3) Azimuth: The distance in degrees east or west of true south shown on the radii 

of the charts. . - * 1 


s % 


4) Time-of-day: The nearly vertical lines represent the solir (hot time zone or day¬ 
light savings) times of day. They are noted across the-top sun path fine. 


Here we go! 


11'^'Tin.d the; char t nea rest y our latitude (Figures 1 OO ancl 1 01 are for 36° h orth lati- 
tude.) ' i 

2) On a piece of graph papertdraw a scale model of the floor plan of you%green- 
hrouse. t A size of about one half by one inch fits easily on the chart. Cut it out. Y ou may want 

to cut out scale drawings of your home and any obstructions. To be accurate, all models 
must be measured and positioned to the same scale, k 

3) • ©n.the greenhouse model mark the junction of all solid and clear walls. 

4) Place the model on the chart. By using the azimuth angles, position the model 
in its actual orientation. In our example, the site is facing true south sq the-model is paral¬ 
lel to the 90° east—90 Q west azimuth line. The greenhouse center should be in the exact 
center -of the, chart. If you have included a house, trees or other obstructions orient them 














FIGURE 1 CM 









to scale and positionfhem on the chart. ". i ' • , 

5) The first objective is to examine the duratiomof sunlight the greenhouse wilWe- 
ceive at various,.times of year. Choose a month and’follow its sun path, noting the number 
of hours the .model is receiving direct sunlight. Solid walls and obstructions will sha^e the, 
incoming light at certain times of day (see Figure 100).fc>bserving the hours of shading will; 
allos^'hu’To'design clear .and solid walls to best suit your .particular location. 

^ 6) Next, to determine any solar altitude, find the point at which a chosen time-of-, 
day line intersects the sun path line.' Now find the nearest 'concentric circle and fojlowit- 
arutjnd to the degree marking in the uppe r right. That’.s the sun’s altitude. When y.ou’re in 
between circles-estimate. • “ ' - •' . - 1 . * : 

.. . 7) To-better-.visuaiizd the.-angle df...m.c.Qming light, place the flat edge of a protrac¬ 
tor across the time-of-day/sun path intersection you.are studying wilh the middle of the 
protractor ctyer the center of the chart. Takl a straight edge and conneq££he center of the-' 
protractor to the determined .solar altitude angle on 1he,edge ; That-s where the surf is at in/ 
that moment of time (see Figure 101-). * ' .. ‘ x 

: -8.) A side view of the greenhouse cut out of paper is helpful in determining light 
.patterns-through clear roof areas and sides (Figure 101). By repositioning the solid/clear 
areas in. the model, you should be able to get fnaximum winter sunlight for your location 
and also obtain some summer shading. - . ,' . - , f 

9) This same procedure can be used for any solar application. 
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APPENDIX B 


PlantingChart 


PLANT 


VARIETIES: 


■TIME OF YEAR ' / ^ 

LOCATION TOtLA^T SPECIAL INSTRUCTIONS 


TOMATO 


CUC UMBER 


EARLIANA * . 

BIG BOY J 

MARGLOBE _ / 

' MICH IG A N OHIO j 

,EJ^RLY GIRL ' 

"any SMALL VARIETY! 
PATIO, CHERRY, PEA.fr 
COLD SET FOR WINTE 

• r ^ 


j^F R ON T O F 
G R E E"N HC> USE. 
P IN SPRING>6|4 
| BACK W^LL IN 
’ WINTER'" 


ILY SPRIN G . 
•AUGJJST ^ 

: ’*■ r r* 


ANY TYPE WILL DOy CLEAR SIDE OF 
B U T E URO PE A N FOR Q~'" GREENHOUSE 


ING TYPES-WHICH 
PRODUCE FRUIT 


IN SPRING. 
BACK WALL IN 


WITHOUT ARTIFICIAL WINTER. CAN 
POLLINATION ARE STANlD SOME 

EASIER'. ’ ^HADING. 


EARLY -SPRING 
MID-AUGUST ‘ 


NEED FULbPHOTOPf^lOD. 
POLLINATE BY LIGHTLY TAP¬ 
PING OIJEN BLOSSOMS OR 
SHAKE^PLANT VIGOROUSLY. 
TRAIN PLANTS OP STRINGS. 

SEVERELY 


TRIM FO LI AGE ^SEVERELY • 

WH EN IN FESTE D WITH I N SECTS 
AN D I N F ALL TQ P R £ V E N T- 
SHADINGOF GRE EN H OLI S E. 

D© NOT CUT TOP GROWTH 
UNTIL YOU AREf READY FOR v 
PLANT TO STOP GROWING. „ s - 
T O M A TQE S A-FTE PER E N a NI A LS 
A N [^W I |^L R.R O D OttTOR A ‘ 
long Time. 

PULL SUCKERS (FCMJTnD IN ^ 

CROTCH OF LIMBS) OFF. THEY 
CAN BE ROOTED,: START IN' 

S AND 'OR - VERM ICULITE. 

*■ ( • • - 

1 NEED FULL PHOTO PERIOD, 

; POLLINATE WITH A SM'ALl 
BRUSH OR LET THE BEES IN. 
PULL OFF FIRST %E V*E R A L 
_FEET OF BLOSSOM S^FOR BET¬ 
TER FRUjJT SET. >•!. ' ... 

TRAIN ON STRING OR TWINE. 
CAN BE TRA’INEDTO CLiM| 

ALL OVER THE SIDES AND^‘ 
ROOF. OF GREENHOUSE. 


PEPPERS 


RED OH I LE 

AN Y G R E EN , B ELL 

WAX 


“FULL LIGHT 


EARLY SPRING 
MID-AUGUST 


ADAPT WELL TO SMALL CON¬ 
TAINER OR BEDS. A 
POLLINATE WITH SIVkALL 
BRUSH. 

BE CAREFUL NOT TO OVER¬ 


MELONS AND 


W A T E R MJE L O N 
CANTALOUPE^ 


JTAT.OUF 
1 P Klk 


HONEY DEW. 
CROOKNECK x 
V ZUCCHINI 

Xqo r n V* 


A FY GREENS 


LEAF LETTUCE*, 
ENDIVE „ . . & 

KALE 

SPINACH 4 J 

MUSTARD GREENS 
CRESS * . 

chafJd 
COLLARDS 
CHICORY 

CELTU'CE e 


NEED L1G H T 

A nolo TS O F 
ROOM. \ 

‘FRONT of V'* 
; GREENHOUSE >\ 


MEDIUM LIGHT. 
•COOL. 


NEARLY SPR IN G 


ANY TIME- 
* MAKES THE *>' 
MOST SEI^SE |IVI 5 
LATE FALL, 
WINTER, EARLY, 
SPRING 


CHILE PEPPERS DO NOT SEEjM 
TO G ETA S-HOT AS THEY DO 
' duTDQtfDhS; STILL DELICIOUS; 
HOWEVER. * 

K#*' * 

^TF$M V£G STATION. 

7 G ROW OUT THE VENTS-SUMMER. 
WILL CROSS POLLINATE: TRY 
TO SEPARATE VARIETIES BY 

distance. ; 


DEPENDABL ^WINTER P ROv u .. 
DUCERS. 

HEAD LETTUCE DOES n6t 
HEA*D WELL IN GREENHOUSE. 
PfLANT DENSELY, THIN AS YOU 

e'at. C 

LEAFY GREENS WILL GROW IN 
POTS, ON VERTICAL SURFACES, 
ALMOST ANYWHERE. 

PLANT UN DER TR IMMED TO- \ 
MATOES OR CUCUMBERS. 

CAN BE CUT M AH Y TIMES WHILE 
GROWING. ‘ 

WILL GO TO SE ED LF TEMPERA¬ 
TURES G Elf TOO HOT. * .... 


i 





VARIETIES 


TIME OF YEAR > V' 

LOCATION TO PLANT. -SPECIAL INSTRUCTIONS 


CARROTS 


BEETS ' ° 
TU RN IPS 


SMALLER VA RIETIES SUNNVk 


MEDIUM LIGHT 


WINTER 
Early SPRING 


PLANT THICKLY AND THIN 
OUT. 

s low 'maturers. 

INTERPLANT WITH TOMATOES. 

DO WELL IN SHALLOW BOXES. 
PLANT THICKLY' BUT THIN 
TO ALjLOW ROOT TO BECOME h 
LARGE. 

FOLIAGE WHEN SMALL MAKES 
GOOD EDIBLES. 


RADISH ES 


ANY PLACE 


BROCCOLI CALABRESE,ITALIAN MEDIUM LIGHH 

0/\ULIFLOWER SNOWBALL CO'OC 


CABBAGE 

BRUSSEL 

SPROUTS 


GOLDEN ACRE, CHINESE 


ANYTIME 


LATE SUMMER- 
EARLY FALL 
FOR WINTER 
HEADING ' 


JADE CROSS 


DON'T PLANT MORE THAN" 
YOU CAN EAT. \ ! 

EXCELLENT INDICATOR OF 
SOIL VIABILITY: SHOULD 
SPROUT IN 3 - 5 DAYS. / 

SPATIALLY CONSUMING/ 
CROPS, 'v 

DO WELL IN POTS. . 
TRANSPLANT WELL INTO 
GARDEN, 


BU RPEE GOLDEN 
BLUE LAKE 


MEDIUM LIGH1 
UP WALLS. 0 


EARLY SPRING ’ 
LATE SUMMER: 


GREAT ON NORTH WALL OF 
GREENHOUSE. ___ 

TRAIN ON TRELLISES. 
CLIMBERS CAN BE USED ON 
GREENHOUSE EXTERIOR FOR 
SHADE (RED POLE BEANS). 


EGGPLANT 


BLACK BEAUTY 
EARLY BEAUTY 


EARLY SPRlNfiPOLLINAT’.E WITH SMALlIrusH. 
THROUGH OR FINGERTIP. 

SUMMED —TRANSPLANT FROM GARDEN 

BACK TO GREENHOUSE IN'FALL. 


BURPEEANA EARLY 
BLUE BANTAM h 
SNOW 

SUGAR ' 


SHADY AREAS. 
COOL. S, 


EARLY SPRING 


USED TO REPLENISH NITROGEN 
IN SOIL. " 

FOUR POLES CN CORNERS, 
STRING LATTICES’ACROSS. 


SCALLIONS 


MEDIUM^LIGHT. 


keep so (jL Moist. 

FRESH TOPS ARE GREAT IN 
„S ALA DS.TRIM R EjG UL A R L Y . 
START SEEDS IN GREENHOUSE 
FOR GARDEN SETS. 

GARLIC IS AN INSECT FIGHTER,' 
EITHER 7 ^ ROWING OR GROUND, 
INTO WATER SOLUTION. 


STRAWBERRIES EVERBEARING 


SHADE. 

UNDER TABLES 


LIKE MORE WATER THAN VEGE* 


ANISE 

BASIL 


WE HAVE HAD TREMENDOUS SUCCESS WITH ALL WE H A vf TRIED. THEY GROW IN AN Y 
Location, but prefer medium light, m'ost do^well in cold weather. 


BORAGE? .CARAWAY 

chives!, c^erVil 


CORIANDER 
TA'RR AGON 


OREGANO 


PARSLEY 


4T (ALL KINDS) 


thyme 

SWEET MARJORAM 


TRANSPLANTS OUT 


TpMATOES 
PEPPERS 
MELONS 
, BROCCOLI 
EGGPLANT 
SUNFLOWERS 


CUCUMBERS 


BEST FOR TRANSPLANT,FROM GREENHOUSE TO GARDEN. DO N * t T BE DECEIVED. STARt^ 

6 - 8 WEEp BEFORE ANTICIPATED LAST FROST. THEY GROW FAST. TRY NOTTODISTURB 
ROO.T SYSTEM ANY MORE THAN POSSIBLE: MELON AND CUCUMBERJ^OTS ARE EASILY; * 
DAMAGED. HARDEN OFF BY EXPOSING TO OUTDOOR TEMPERATURES TWO WEEKS BEFORE 
TRANSPLANTING. GROW IN SMALL CONTAINERS WHEN YjOl/CAN: WE HAVE USED/JlFFY 
POTS (THESE NEED TO BE CUT BEFORk BEING PUTJNTOTHE GROUNDjTH EY DO NOT DIS- 
INTEGRATE QUICKLY ENOUGH AND THE PLANT (TAN BECOME ROOT BOUND), EXPANDING 
^^T PELLETS, STYROFOAM CUPS, M I L K ,C A RT ONS,MACDONA L DS '"Q U Jl RT E R POUNDER 
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SQUASH 

CORN 


CONTAINERS, TIN CANS. IF POSSIBLE, TRANSPLANT ON A CLOUDY D A\, SH ADE, ; AND 


WATER WELL AFTER TRANSPLANTING, .. ' ' - — . .. 

-DO NOT FORGET THAT ALL OF THESE SEEDLINGS PLUS FLOWER AND HERB STARTS ARE 

BIG SELLERS IN THE SPRING. A SMALL (160 SQUARE FOOTj'sOLAR GREENHOUSE INBUILT 
IN IDAHO SOLD S273.00 WORTH 3 OF SEEDLINGS ITS FIRST SPRING. THAT WAS OVER HALF 
THE COST OF THE GREENHOUSE. ’ ’ ; 


TRANSPLANTS IN 


ft: ^ 


TOMATOES 

peppers"* 

EGGPLANT 
MELONS 
ON IONS 
BROCCOLI . 
PETUNIAS 
PANSIES 
MARIGOLDS - 
NASTURTIUMS 
GERANIUMS 


IF YOU ARE CAREFUL, YOU CAN TRANSPLANT HEALTHY 1 GARDEN CROPS BACK INTO THE 

Greenhouse in jhE'Fall. be si/re to check for insects and disease f^rst.Get 

ALL THE ROOT SYSTEM YOU CAN, SHADE AND .WATER THEM IN THEIR NEW HOME. 
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APPENDIX C 


* The following list of papers indicates the amount arid' variety of work taking place in 
"■universities, institutions and private firms across the nation. Much of the research i§>ainaed 
• at solvingproblems fpr large commercial growers who make their living with greenhouses. 
However, the work’is applidable'fo every greenhouse situation. Most of these papers are 
highly technical in nature and you’d be wasting-time and resources Ordering them unless 
‘ you can understand and use the data. ' ri •• 

I’ve tried tq present the' main, emphasis of .the papers by quoting frpri summaries 
or abstracts in order to give you an idea of what the paper’s about. In some cases, we’ve 
, used diagrams from the publication. •• 

t- ' V N *• . •> 6 , ’ . * 

Many of the papefs were presented at the Solar Energy-Fuel and Food Workshop 
presented by the Environmental Research Laboratory of the University of Arizona iri co- 
. operation with the Energy Research and.Development Administrationand therTJnited States 
Department of Agriculture; I’m grateful to Merle H. Jensen for permission tt5 quote from 
the proceedings of that conference. The entire proceedings ire available for $5.00. Write 
to the University of Arizona, Tucson Environmental Research Labs; Tucson' International. 
vAirpprt, Tucson, Arizona>857Q6. Papers froth, that conference are indicated by an asterisk. 
When there are many authors, I’ve listed t£e first author on the. paper. ■' ' 


*C. Direlle Baird and David R.iMears, University of Florida*. Performance of aHydronic Solar 
* GreenhouselHeating System iri Florida. " / • - •• ►' 

^ ,/ A ; m 1 ;' ; > ■; 

•‘A full-scale greenhouse located at Bradenton, Florida/, has been equip¬ 
ped with a complete solar heating system. The system/incorporates ; flat 
plate solar collectors, an external insulated storage' tank, forced con¬ 
vection water-to-air heat exchangers, and automatic controlsd'or both 
pollecfiotL....and greenhouse heating iriodes. Performance data bn the-. - v 

■ various components and on the complete-system are presented,* Frphi 
th.e summary..^for systems'following this pattern of operation, the 
• ' design. temperattvresmM5ti»e-i0vv;.'cisi|^any less th^n'100 o F...however, 

Targer storage'systems and heat exchangers are required-.” ' ' ,. 


Drew A. GiTIett. A Paper on Solar Powered t Kalwall Solar ComRonenls Divi¬ 
sion. M’anchester, New Hampshire 03103. | 

The paper comp&res-throe small greenhouses: 


1) A singl^glazed-unit with'very little thermal mass.l 

2) A singleglazed unit with 1200 pounds of thermal mass. 

3) ^A double glazed, riorth-insulated unit with 1200 plauncls of thermal mass. 


Tests were done iri late Mav. 


v 








“...Greenhouse No. 3..‘.had much higher minimum temperatures than 
• either .greenhouse No. 1 or No. 2. In fact, during-^he entire two week 
- period monitored,, its minimum temperature spread never fell below 

55°E, considered acceptable for most plants nighttime temperature.' . jj 

• Secondly, the average temperature spread for this greenhouse was OjV 
. - r v ,the order of 20 - 30°F \y.hiclv is also acceptable. The only time, in 

• v, which the thermal environment in-greenhouse No: 3 was unacceptable 8 

to mos.t plants was during a very sunny day following a previously sup-', 
ny day. The fan and thermal mass system was unable to keep the 'temp¬ 
eratures below •92°F and in fact rose to^lOCP'or so. Under these con¬ 
ditions it is*felt that some venting must be.incorporated fo maintain 
. reasonable temperatures in the greenhouse:-”' ' • 

f 

• i .. * • 

The paper also contains a design sketch of Greenhouse No. 3, temperature graph 
and data for, test period, an economic comparison of different designs and an understand¬ 
able sales pitch for Kalw^all'Sdlar Battery Collector Tubes, the water filled fiberglass tubes 
.„ used in the experiment. . ‘f ''' . 

. • # 

1 *John E. Groli. The University; of Arizona. Liquid Foam Insulation^Systems for Green¬ 
houses. ' ; \ ;.v - x -'"4 \ :* : ' 


“Liquid foam insulation is a method of reducing nighttime energy loss¬ 
es from roofs ot greenhouses. This system utilizes adiquid-based foam 
insulation material placed at night between two layers of polyethylene 
in the roof of a greenhouse and has'the calculated potential oiWeducing 
the night heat losses by,.85%. Actual measurements on a test green¬ 
house have p'roduced overall savings oT47%‘when compared t6 an un- 
Tdamed two-layered •polyethylene greenhouse.” .. - i 


\ 


. vThe system utilizes a foam generator to bloW a Ibap bubble type foam between the, 
• air inflated .polye^ylene^^et"f ; 'igure.‘' 8$,. page T22.) The ..foam is drained and recycled 
—r-E-^rThe bubbles burst. So far, the system has been.-vised only in areas where the nighttime 
lows do not get below freezing. Th1% method has large-scale possibilities in the South in Its 
present stage of development. - > 1 -* 



*Merle H. Jensen and Carl N. Hodges. The, University of Arizona. Residential Environmental*■ 
Control Utilizing a,Combined Solar Collector Greenhouse " ■- \ 

This paper is an overview of a combination of projects at the Environmental Research 
Labs and how they apply to tljeir home-greenhouse experiment. - ...........'C'- ' 


t “•••The integration and performance of four Concep ts in environment¬ 
al control are‘'being evaluated: a Venetian blind solar collector (see 
Peek, this section and photo on page 56, Chapter V), rocl$; storage for- 
. heated or cdole.d;'~air, advanced methods >of evaporative cooling and 








t - 


liquid foaming of a greenhouse ceding for nighttime insulation.” 

•— .‘ or ". 

Of particular interest to me is a section on the vegetable production capabilities of the 
unit and planting by “light requirements” of the crop. , ' ' T ■ __ ’ - : , 


Table 1 —Selected Cultivars 


Vegetables 

Pepper 

Lettuce 

Tomato 

• Eggplant 

Cultivar 

Christmas Pepper 
New A-ce 

Dutch type 

Summer Bibb 

Salad Bowl 

Patio 

Tiny TmV 

Small Fry 

Beauty Hybrid 

Black Prince 

Plant or Seed Source 

.George Ball Pacific, Inc. 
f Takii and Co., Ltd. 

4 " , 

Rijk Zwann 

. Joseph Harris Co. 1 

Joseph Harris Co. 

-George Ball Pacific, Inc. 

‘ George Ball Pacific, Inc. 
George Ball Pacific, Inc. ’ 

, w . . . x , 

George Ball Pacific, Inc. 
T^kii and Co., Ltd. ■«.. 

■ !, s; - '■ 

* 

i 

■ 

0 

■ V jfefc 

' - -J 

Cucumber 

Ratio Pik-==...— 

Ge'orge Ball Pacific, Inc. • 

■ ■ • V 1 

'-.x-' ■•■■■. ■-■v’ 

; 'St. * * . 

Spinach 

Malabar 

, W. Atlee Burj^e Seed 

- ■ -V' 


/I . 

Growers Co. . 

■ ■ * V 

* * 

Radish 

. - ■ * 

Champion or Red Prinde.; Joseph Harris Co. 

* . 

£- •■••• .- 

Fruits 

\ 

% ' t 

i 

1 Strawberry 

Fresno 

4 

California Strawberry 

t h 

v ■ 


Foundation • 

\ ' 

'Banana 

Dy/arf" 

Environmental Research ’ 




- Laboratory • 


Herbs 

■ ' ■ ' • 

' 'V ‘''y- 

„ . '■ . ; .' _ 

Annuals-and 

f 

Assorted 

GeorgelBall Pacific. Lnc. 


Perennials 

1 % 

o 

, ■ - 4 

• . ' • S': 


George Ball Pacific, Inc., Box 9055, Sunnyvale,“CA 94088 
Takii and Co., Ltd., Umekoji-lnokuma, P.O. Box 3091 (Kyoto Cen- •< 
tral) Kyoto, Japan • . ‘ • ‘ 

Rijk Zwaan’s Zaadteelt en Zaadhandel B.V., Gurgem. Crezeelan 40 
De Lier, Holland V ’ » 

Joseph Harris Co., Moreton Farm, 3670 Buffalo„Rd., Rochester, NY 
, 14624 ' , r * • t ; 

W. Atlee Burpee Seed Growers Co., P.O. Box 6929, Philadelphia ,-P A - 
19132 ' * ' ; - 

California Strawberry Foundation, Plants Nursery, 3570'Old Alturas 
Road’, Redding, OA 90001 5 ; " s 














f’i . 


:.. . 
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*A. W. Gerhart. Gerhart & Son Greenhouse, Inc., North Ridgeville, Ohio. Practica l Applica - 
tion of Energy Saving Ideas. 

Mr. Gerhart is a commercial greenhouse vegetable grower in Ohio an4, his'short paper 
gives some excelferrt datancm costs; problems and practical applications his company Has ex- 
perienced i Here are some excerpts: * / ' ./ 


“...we require two and a half to three people per acre t<£*grow a 200,000 
pound tomato crop...we have,’to spend $24,000, per acre for natural 
gas...$30;000 to $34,-000 for No. 2 heating oil...and an'estimated 
$18,000 for coal (1975 prices)...the trick is to burn a cheap coal effi¬ 
ciently and still satisfy the Environmental Protection Agency. 

y ' ~ ' '• , ? . f’T .• ~ 

...when the pried of oil went up four tithes, the price of'greenhouse 
tomatoes did not increase four times. -' C ■ 

...we have adopted...the drastic reduction of fresh air into our plant. 
We simply do .not introduce, any fresh air into the greenhouse unless 
it is necessary t o*cool th e crop. We know fhtr plants need carbon di¬ 
oxide fC 02 ) and that many kinds of fungus and bacteria thrive in high 
humidities. We introduce CC^'iconstantly, starting an. hour or-so be¬ 
fore sunup and continuing until two hours before sunset. Our COp 
generator is water cooled, so most of the moisture,'is removed tha^t 
would be a part'of the combustion process. This heat is then released 
into the greenhouse .through 3 hjeat exchahger or, if the Sun is shining, 
fire heat is stored in our 100 ,OpO-gallon;cistern until nighttime-and 
then introduced the'greenhbjusev Our, irrigation, wa ter .comes from 
«jte cistern and generally we irrigate with water of about 8 Q to 90°F. 
iVe use fungicides to control botriytis and leat^nolds, a procedure we 
have used successfully the past four years. , v 


f 


next item of interest is the instigation of aluminium foil behind 
our steam-heat pipes to reflect heat into the greenhouse. We use 
building foil with paper on one side an$§iscard it-after the winter sea¬ 
son. •• ' ’ / . •" ' 


i.. 


For years we have lined,our outside walls with plastic sheeting, bu t _ 
this year we installed a 4-mil double wall cover over Our glass, and'.in.- 
flatecf the cover as is done in plastic houses. There will certainly be,, 
more potential in* the future for us to use the double wall system. 

Inside weTiaye been experimenting with pjethods to improve produc¬ 
tion withou t increasing energy consumption.One procedure that seems 
to be effective is to warm the soil to .approximately 70°F. We have 
lowered our. air tempeTattrres from two to four degrees, and we are 
still getting excellent production. , . 

I <_' 

Perhaps the most intriguing energy utilization procedure with which 1 
we are now working is the use of a reflective material on the ground 
beds to reflect solar energy back up to the plants. We first started this 
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when a representative of a firm approached us with the idea of using 
this material a S' a heat reflector over the top of the crop at night. We 
were not enthused about this procedure, but offered to test the ma¬ 
terial as a- light reflector on the soil. The first year we showed a ten 
percent increase in production on a small plot, This year we have one 
fourth of an acre covered with Foylon (manufactured by Duracote), 
and to date we have an increase' of 15 percent over the check areas. 

Also, we use artificial lighting in growjng cucumber transplants. Flo¬ 
re scent tubes are-mounted five to six inches from the plants, with the 
* lights on 24 hours a day,/Two weeks from the seeding date, the trans¬ 
plants are ready for ground beds. We use 100 square feet of area to 
' grow 12,000- plants. The excess heatt from •'the,light 4 s used To help, 
heat our service room.” " 



At the end of the paper, Mr..Gerhart egresses optimism about his industry beingable 
to survive the energy cost increases. The entire paper should be required reading for any¬ 
one thinking about entering the commercial greenhouse food growing business. 


Lawand, et. al. Brace 1 Research Institute of McGill'University, Quebec,-Canada. Two pa¬ 
pers— An Investigation of the Contribution of Solar Energy in Heating Greenhouses in 
Quebec and TheH)evelopment and Testing of an Environmentally Designed Greenhouse 

for Colder Regions.\ _ _ ; . _ ' __——-:— 

It was the Braceinstitute people who first built and evaluated an insulated and deflec¬ 
tive north Wall greenho'Us&. x (See The Herb Shop, page 87.) They can also claim a great deal 
of responsibility for awakehing the scientific community to the idea of the greenhouse as 
a collector! The first paper isgm engineering analysis of the total solar energy a test green¬ 
house in Quebec received in admeasured winter period. The second is on tlfie evolution of 
the tilfed north wall greenhouse. They also distribute.inexpensive plans for tljeir greenhouse 

1 i ’ 1 t 

and other low cost owner built solar energy devices.; . • ’ j ■' 

* . ■ ■ ■ " ■ - . ■ ' 

J . , 

David R. Mears and.C. Direjle Bgird. University of Florida. Develop me nf_of a Low-Cost' 
Solan-Heating Systetmfor Greenhouses. * S 

■ - G . V. 

\ '.v • ■ ' 

“A system* has been developed and tested for storing large quantities 
- pf warm water undef'a bench in a greenhouse and transferring the stor- 

- ’ ed heat to the greenhouse when needed. The unit can be constructed 

loflow-cost material and therefore can have large storage and heat trans- 

- . fer capacity. . . 

Relatively lo.w-cost polyethylene film solarwater heaters have been 
built and their performance characteristics determined. These collec¬ 
tors would appear to be more economical to operate than convention- 
al flat-plate collectors at relatively low temperatures.” . t 












In this paper the test results on several types of collectors made yith inexpensive rtaa-r 

/ terials and assorted configurations 

_ v „ * • - __.o.f ’black poly absorbers, mesh 

tdp and ‘ * / shadecloth and clear poly cover-\ 

P pipe strap + fan ings are examined. Flow rates and J 

tie ^ x^ _ Vxii... ._. x ^ 

“mYETHYiST" x. 7" etticienci.es of heating and losses 

tube ’ \ ' Jx^ / AIR JN are determine ^- In the system, the 

i , _warm water.is then drained off the 

l_^gf bottom of the collector’and stored 

( _ J|[ / ^XXiiunoN ‘ in an insulated tank that fits un- 

jgatfd nater. ’• X}P^| , ’ I c?y=n F ™ 1N ’ der the greeniiouse benches. The 

.' SIDE X- „Xr '1/2 Ini' SLOT / „ • 

XX ^ / warm water in the tank heats air 

AN,, \ / ' X moving through a poly tube which 

polyethylene liner . 1 , • . in turn heats the greenhouse. See 

\ • - - * / ’ , . • Figure 107*" , • . , 


29 GA. ’ 
CORRUGATED 
STEEL" SIDE 
MALI 


Xx 

x£^s 

HATER,’- X 


6 MIL X 

POLYETHYLENE LINER 


INSULATION 
• / SHELL 3/N IN. 
. | STYROFOAM 


,30 IN, 2 x A POSTS 


FIGURE 1 07 


David R. Meals, et. al. Cook College; Rutgers, New Brunswick, New Jersey, Ifew Concepts 
in Greenhousk.Heating. Published by the American Societytof Agricultural- Engineers, Stv 
Joseph, Michigan. - \ * J ’ ■ , < 

“Heafiloss due to longwaveLie frared radiation from double filmed; air- 
in fl a tep polyethylene greenhouses can be significantly reduced. Met h- . 

°Us of ^transferring low quali :y heat dfifom .w^rm water to air are pro¬ 
posed. Their feasibility is enha nced when radiation losses are reduced. 

Industrial waste ( heat and solar Collectors dre considered as warm water »- ‘ • 
sources.” 1 * - .- ’ - 


-Robert T. Nash anti John W. Wilharfison. yanderbilt University,.Nashville, Tennessee. Tem¬ 
perature Stabilization in Greenhouses. , ; ’ ’ ■ ■ . 7 

Tliis paper is a technical examination of the str uctur al heat loss coefficient of a-test 
greenhouse, the thermal storage coefficient and the heat transfer coeffifient between the 
greenhouse air and storage system. ’(In this case,.water in drums). It aJsoconta’ins some in¬ 
teresting observations from other sources: , 

- — -J *• . 


“...Many plants re.quire awariation of the air temperature for optimum 
growth. Went has established that there will be a best nyctotempera- 
ture, or nighttime temperature and a best phototempera-ture, or day 
’ time temperature for arfy plant...Wellensiek stated...It has happened 
• in Holland that very ambitious tomato growers have gotten up in the 
middle of the night to heat their furnaces, but nevertheless had poorer 
crops than^their lazy neighbors, who let'-ihe night temperature'fall.” 


A continuation of Prof. Nash’s work with thermal storage is found ih Therrndlly Seif 


154 









Sufficient Greenhouses published by . the International Solar Energy Society in Volume 7 
of the Sharing the Sun! proceedings. ' " , * * ' 


'John Tv Peck, University of Arizona. Basic Solar Collector DesignAnd Considerations. 


“This paper presents-a--f-ew hasfc princ 1 pies of colTectot design*£hd 
-useTTTfTalso presents a framework with which to organizedhe various 
general types of solar‘collectors; that is, a system of solar collector 
‘taxonomy’.” .. / ' • • .. - 


There are some easy-to-understand graphics in this paper as well as an explanation of 
the University Of Arizona’s “Clear-View” collector. This Venetian blind^ype collector’can 
adapt to a variety of operating modes and offers good potential for greenhouse develop¬ 
ment (see Franta, page 103 and Improvements, page 56). ; . 


*D.R. Price, et. al. Cornell University . Solar Heaping of Greenhouses in the Northeast. 
This paper covers a wide range of topics. To quote from the abstract: 

4 \, m 

“...To reduce heat loss at night front a greenhouse, the researchers 
have investigated various insulation techniques for use at might that 
■ may be removed “during the day. Pulling black cloth along the walls 
* and across the ceiling reduced nighttime heat loss by approximately 
50%. " 




...An analysis Of using only the greenhouse as a collector versus using 
a combination of the greenhouse and external collectors is presented. 
From a cost effectiveness standpoint, there is justification for using 
... only the greenhouse as a collector with modifications to improve its, 
efficiency;” (Remember, this is upstate New York, not sunny New 
Mexico...B.Y.) *"7 , 

h 


There is also a listing of advantages and disadvantages of using the greenhouse as a col 
lector compared to adding an external sdiar collector lmthje paper. 


*W.J. Roberts, et. al. Rutgers University. Using Solar Energy to Heat Plastic Film Green¬ 
houses. . ‘ ; 


3’ OF POROUS 
CONCRETE 


7 ... 

■m - . - ' » 


6 0 F% D1A. , , , 

BLUEStONE A? n 00 



VINYL LINER 


10 MIL 

POLYETHYLENE 
WATER BARRIER 


The paper has a section cmtT 
plastic water flow collectors sand- 

y \ * \ .. 

wiched betweeni^vo ait, inflated 
sections of clear film. It also con¬ 
tains data and diagrams of a'.por- 
1 ous concrete floor which acts as 
storage for the solar heated water 
'(see Figure 108). The.collection 
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. and storage system are linked together .with an air inflated greenhouse that utilizes a move-: 
able black plastic insulating curtain. »• ’ . 

-f. I I v \ -■ ■■ 

Mr. Rob erts is a n ack nowledged expert in-_c.ak.ulating the heating and-ventingneeds 
for greenhouses and has published a good booklet on those requirements entitled Heat¬ 
ing and Ventilating Greenhouses, Cooperative Extension Service, Cook College, Rutgers— 
The State University of^ew Jersey, New Brunswick, New Jersey (in cooperation with the 

u.s.d.a.) . • ,, • 1 . 


' Jack'Rut tie, A Nice Greenhouse for Nasty, Winters: All Solar. Organic Gardening and Farm¬ 
ing Magazine, September 1976, page 69. i 

This is; a" non-technical presentation of Dave MacKinnon’s^work (see page 96) with 
a free-standjng solar greenhouse at Organic Gardening and Farming’s New Farm. The unit 
maximizes insulation on the north,- east and west walls, the walls losing only 500 BTU’s per 
hour at a 30° temperature difference with the outside. The design minimizes, the clear areas. 
It also mentions Dave’s designs of'removeable-polyethylene panels to cut nighttime heat 
losses through the clear surfaces. The relationship of low nighttime temperatures 
to conventional greenhouse management techniques) was touched upon. t . 


,\ -v 

\ 

\ 

. \ 


“Bob Hofstetter...claimed superior plant growth in the' solar gneen- - 
house. Now he feels that constant warm temperatures encourage weak, 
spindly growth-and that the cool nights held insect pests to a mini- . 
mum. The solar greenhouse produced excellent lettude, excellent chard , 
and even some early spring tomatoes.!” > ‘ - 7 




V I’d certainly like* to See more hard research done in the area of temperature vs. health 
and plant growth and increased research in cqld and disease tolerant.crops. It’s easier and 

ched^gr to plant the right seed than gain 10° in January. * 




Joel C, Simplins, et. al. Rutgers University, New Brunswick, New Jersey . Reducing Heap 
Losses in Polyethylene Covered Greenhouses, American Society of Agricultural Engineers, - 
St. Jospphj M'fchigan 49085. \ ,, | ; 

j, ' Extensive hard data on the thermal characteristics of various films and’eyrtains used[/ 
for exterior and interior greenhouse coverings. __ I 


! 
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*Ted H. Short, et. al. Ohio.. Agricultural Research and Development Cenfe'r and the Ohio 
State University. A Solar Pond for Heating Greenhouses and Rural Residences,—A Prelim¬ 
inary Repopt. ■ „ A . 

, The paper explains the problems and potential of utilizing an independent solar pond 

for heating applications, ' 

. % - 

“The solar pond is heated by "solar radiation passing through the salt 
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t water to the black liner holding the liquid. As the black liner tempera- l 
ture increases, heat is transferred to tjie20-percent brine in tfie bQttom 
half of the pond. The heated 20 percent brine rises no higher than the ' * „ 

/ . bottom,layer of the gradient,'and cooler 20 percent brine moves down 

■f to replace it. The upper non-convec.tive region is nearly transparent to 
f incoming ultraviolet and visible radiation, and nearly opaque to Incom- 

j inp infrared and outgoing long-wave eradiation. One meter 0*39.5 • „ 

j inches) of non-conveqtive water is a gobd insulator with a conductivity 

! equivalent to approximately 6 cm (2.36 inches) of styrofoam. Since 

L - the walls are also insulated; losses axe .reduced significantly. , \ . 

i . i. ' - a ) , 

| 7 - . • • ..." • .;. ‘ ' r ' '<? 

f A major advantage of the Solar pond is that both summer and winter 

radiatioif^an be collected and stored for later use. After a full sum¬ 
mer^ Tadiation, the,,pond temperature throughout t(ie bottom half 

should approach bb'fling. The OARDC pond will be limited to 80° C 

• (1?0°F), however, to maintain liner stability. This upper temperature •. r '* 

limit will be controlled with discharge heat exchangers or by covering 
* the pond with an opaque plastic film.” ( , ■ 

Gre»g Stone, Greenhouse .Coverings: The Choice is Yours ,^rganic Gardening and'Farming 
Magazine. September 1976, page 58. / : . * * 

: . , Aii informative, non-technical discussion of the aesthetic, economic and utilitarian 
factors involved in ehoosing the clear covering for your greenhouse. Good overall* presenta- 
tion of the multitude of options available. 

• • • - , •* f “ 

•- , . l 
* ' . * . r " 

' ' ■ , 

G.W/White, et. al. The Pennsylvania State University. Energy Conservation Systems for- 

Greenhouses. „ * . • " -* ’ .*•'*. ' *- 

Testing and evaluation of thermal blankets and the problems involved in installation 
aifd maintenance are discussed in this paper. Also, some “significant generalizations con- 
jdeming the'use of phase change solution such as, salt hydrates and aqueous eutfectic are 
presented. The Penn State research concluded that "...the utilization of conventionally- 
■ constructed lapped glass greenhouses*as solar collectors does hot shdw pptential in Central ff 
Pennsylvania between November 15 and February 15.” (If*this seems t,b be in contradic¬ 
tion to the D.R. Price paper on Neyv York greenhouses as collectors^you’ll have to check 
out the parameters for ypurseJf to decide. ) The paper also includes interesting sections on 
utilizing stagnation in greenhouses and a self-fogging roof. ^ y ‘ ■■■•*. h 

i , * 

r t '■ 

*James B. Wiegand. President, Solar Energy Research Corporation; Granite Building, 1228 
15 th Street, Denver, Colorado 80202 /Greenhouse Solar Heating: Techniques and Esono- < 
mics. ‘ * 

' — • , . . . v - v 

6 ' . - 1 ° , 

“The modes of operation and performance testing dohe. at Solar Gar- ( 

f dens, Longmont, Colorado, are evaluated. Alternate schemes and con- 

I*. * , ^ r 

. . ' . • v . Au * a:. 
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figurations of solar heating in’ greenhouse structures are discussed and : 
a cashflow analysis for a trial project is exhibited.. Products useful in' 
greenhouse solar heating, including controls available now’and co'llec- - 
tor and heat storage systems available soon? ate discussed briefly. Prac¬ 
tical considerations in adapting existing greenhouse structures*to solar 
heat are discussed;’” > 


Mr.' Wiegand provides sc^me honest pros and cons for^applying splar technology tco¬ 
existing buildings. However, I’m skeptical about his 20 year “cashflow analysis”'on a solar- V 
greenhouse...I occasionally have -to do those thinks rhvself. " w ' e • 
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